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SUMMARY

This report documents the findings of a 3 year study to asses the impact of Large Woody

Debris (LWD) upon channel evolution and morphology in unstable sand bed rivers in northern

Mississippi. The aim of this research is to gain an improved understanding of the basin-wide

impact of LWD dynamiceQ in unstablk and stable channel environments and to develop a set of

coherent debris management strategies for erosion control, habitat enhancement, and

maintenance/design considerations for run-of-river structures, based upon sound geomorphic

and engineering analysis.

Data from the US Army Corps of Engineers Demonstration Erosion Control (DEC) survey 9

program, conducted in May 1995, was used to locate significant debris jams with respect to

planform and long profile data on 23 river reaches in northern Mississippi. The reaches

surveyed are between 4000 and 12000 feet long and range in upstream basin area fro:n 3.5 to

150 square miles. A comprehensive understanding of debris dynamics can be established by

surveying these channels because the reaches fall into several categories including,

stable/unstable reaches, straight/meandeiing reaches and reaches which have either a

predominantly agricultural or wooded riparian zone. The debris jams in each reach were S

surveyed in detail to determine the mechanisms and locations of debris input, jam impact upon

channel morphology and sediment routing and jam stability over time. The last of these

objectives was assessed by comparing the survey results of the curruat study with those

obtained in a 1994/1995 research project (see Wallerz+ein & Thorne, 1995).

An up to date review of the literature concerning the geomorphic impacts of in. channel

LWD, and current LWD management strategies is presented.

A conceptual debris jam classification model is presented, b:Ksed upon 'key' debris dimensions

relative to channel width and found to correspond well with the field data. Thiý odel also

explains the spatial distri')ution of sedimentatioi and scour processes associated with debris

jams. Results show that the net balance between debris induced sediment retention and debris

induced channel scour is in favour of sedimentation, indicating that debris jams help to

accelerate sedimentation processes in these channel systems. Comparison of survey results

between summer 1995 and summer 1996 shows there to be little change in the number and

position of debris jams present in each reach. It appears, therefore, that debris jams are stable

features in the short-term, although a better understanding of jam longevity can only be

achieved through a long-term monitoring program.
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The LWD Management Program (DMP) has been tested and improved based upon the new

findings. The Debris at Bridge Pier Prediction Program (DBP3) has also been improved and

now calculates the pier scour adJustment factors, whereas these had to be entered by hand in

the previous version.

Both the DMP and DBP3 programs, and user manuals (written in MS Word ver. 7) are

enclosed, inside the rear cover of this report,

The GIS user interface for the DMP is also now available for use and can be obtained upon

request from nick@geography.nottingham.ac.uk

The program runs on the UNIX version of ARC INFO and requires approximately 98 mb of

memory to install.

Final conclusions regarding the management of LWD in unstable channel systems are made

based upon the results of this three year research program.

H0
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UNITS OF MEASUREMENT 0
Uinits of measurement used in this report can be converted as follows:

To convert To Multiply by

inches (in) millimetres (raM) 25.4

feet (ft) meters (m) 0.305

yards (yd) meters (m) 0.914

miles (Mi) kihometres (km.) 1.61

square miles (sq. miles) square kWlomeires (kin2) 2.59

cubic feet per second (cfs) cubic meters per second (cm.s) 0.0283

*m 0

*! 0
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1 INTRODUCTION 0
There has been increasing interest in the role of vegetation in fluvial geomorphology in recent

years because it has been recognised that river dynamics cannot be fully understood without

taking into account the impact that vegetation has upon bank stability, flow velocity, and

riverine habitat.

As a consequence, the study of in-channel Large Woody Debris (LWD) or Coarse Woody 0

Debris (CWD) as it is sometimes referred to (that is trees, branches and other larger organic

matter, operationally defined as material with a length greater than 1 metre) and its

accumulation as jams or dams and impact upon the channel environment have become topics

receiving increasing research interest over the past 5 to 10 years.

In a review of relevant literature undertaken in an earlier study (Wallerstein 1994) it was

established that a large proportion of the research performed to date has been carried out in

urA, id areas, and in .hble, gravel bed rivers such as in the Pacific North West (Hogan et. al.,

1995; Fetherston ct. al., 1995) to determine the impact of LWD on salmon habitat and

migration, and in relation to logging operations and forest management. Very little is known

about the impact of LWD in unstable or sand bed rivers. Much of the work is fairly qualitative 0

and observational in nature and there has been little emphasis on determining the key variables

at play in LWD dynamics, and the modes of their interaction. Most studies have also been

undertaken in isolated reaches, rather than covering basin-wide debris processes, although 0

there are one or two notable exceptions (see Gregory et al., 1993).

At present, LWD management is, therefore, conducted from an incomplete understanding of

debris impacts and dynamics and operational maintenance of debris is carried out on an ad hoc

basis. 
•

The aim of this research effort has been to asses the catchment wide impact of LWD over a

wide range of channel sizes in unstable, rapidly evolving rivers with sand, clay and loess bed

and banks. The research in this project has been centred on streams in the DEC *

(Demonstration Eiosion Control) watersheds draining the Bluff Line hills of Northern

Mississippi, which are known to be evolving rapidly in response to complex response in the

fluvial system following catchment land -use changes and past engineering interventions. *

The specific aims of this research are;

1) To collect a large, representative data set concerning the reach scale and basin-wide

influerces of LWD on channel morphology in a different type of channel environment to that

* 0
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:• •,,•: • which has been studied to date: specifically, in unstable, rapidly evolving sand-bed
' "•'•°'• ' • rivers.

• !

• 11t•7•-•-• 2) To assess whether there are preferential sites of debris input and accumulation within the

' •, .:._,•,: channel environment and investigate the stability of debris jams in term of their longevity in a

• given reach.
° ': 3) To investigate how effectively debris jams inhibit or promote bed scour, sediment transport

. ii •tJl• and storage to determine whether they are net stabilising or destabilising elements in the fluvial

;'•rl•,• • system.

S.... •: ,*• 4)To assess the impact of debris at run-of-river hydraulic structures such as grade controls,:'••i•"d bridges, bel•dway weirs, locks and dam sluices.

I 5) To develop a set of guidelines for in-channel LWD management that can be used by

Sengineers and river managers as an aid to assessment, design and maintenance of stable

•, ..•. i channels.
J" / 6) To develop guidelines for LWD management technologies at run-of-river structures.

'$ ,•

S...... • This report presents state-of-the-art review of literature concerning the get norphological
i" I impact of LWD and LWD management strategies.
I
" Data collection was initiated through a three week sur•,•y program in May 199: with the

• .•, . ]e

• assistance of the Colorado State University DEC monitoring project surve? crew. A

•" .... ......... •-: comprehensive reconnaissance survey was made of all debris jams in the 23 study reaches and
S";•'q each site was also surveyed to gather the long profile and cross section data needed to enable
SI•p

-" comparison with the data obtained in an earlier survey of May 1994. Analysis of these data is

i... . i include in this report.

.•:•-,•,/"•.• The geomorphological characteristics of jams in each reach have been analysed and plotted
!• • ,• against indeoendent catchment variables including drainage basin area, stream power and

S•,,,• • average channel top width, to determine whether the geomorphoiogical effects of LW D have a

St) 

o

S• coherent and predictable spatial relationship. Debris jam sediment budgets have also been

• •7• calculated and related to spatial parameters to determine whether the net impact of debris jams

,•.-. • is 'through sediment retention or sediment scour and mobilisation. An understanding of this

impact is important as it indicates whether LWD is a net stabilising or destabilising agent in
I

•-. .•.•! unstable, sand-bed rivers.

i' The long-term aim of this research is to improve understanding of the basin-wide impacts of
S"• 1,WD in unstable and stable channel environments, and to develop coherent, basin-wide debris

management strategies for erosi•m control and habitat enhancement and to propose new

2



- rm:intm'frnce/design procedures for DEC and run-of-river structures, based on sound

geomorphic and engineering analyses. The report presents final conclusions regarding the
£O

management of LWD, based upon the results of this three year research program.

Both the DMP and DBP3 programs, and user manuals (written in MS Word ver. 7) are

enclosed, inside the rear cover of this report

The GIS user interface for the DMP is also now available for use and can be obtained

upon request from nick(*geography.nottingham.ac.uk

The program runs on the UNIX version of ARC INFO and requires approximately 98

mb of memory to install.

* 4 0
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4__0 2 LITERATURE REVIEW

t 2.1 INTRODUCTION

Organic or woody debris is an important channel independent variable in many fluvia! systems

(Hogan, 1987). For example, Bevan (1948- quoted in Keller and Macdonald, 1995) concluded

that in the Middle Fork Willamette River, Oregon, woody debris was responsible for more

4 channel changes than any other factor.

In a literature review of published material then available, Hickin (1984) suggested that

vegetation may influence channel processes through five mechanisms:

a) Flow resistance

b) Bank strength

c) Bar sedimentation

d) Formation of log jams

e) Concave-bank bench deposits

Hogan also identified that the literature concerning this subject was of two main types: that

dealing with the indirect influence relations between vegetation, water, sediment yields and

*- 4 river morphology; and that dealing with the direct impacts of channel vegetation on channel

morphology.

Since the 1980s the number of papers dealing with vegetation in rivers has increased markedly,

however, including a number of studies concerning Coarse Woody Debris (CWD), (Nakamura

& Swanson, 1993), Large Organic Debris (LOD) (Hogan, 1987) or Large Woody Debris

{LWD), (Smith & Shields, 1992) and its accumulation as jams or dams in river channels.

Studies can be grouped by topic into those dealing primarily with:
a) Input processes, distribution and residence time of LWD

b) Geomorphic significance of LWD

c1, [cological impact of LWD

* The physizal processes in olved in each topic vary depending upon the size of the stream

relative to that of the CWD (Nakamura et al, 1993).

Most studies have been carried out in essentially stable channel environments in the US and

Canadian Pacific Northwest, UK, and New Zealand. Instability, in the form of landsliding, is

cited by Pearce & Watson ( 1981.) as a means for debris to enter channels, but, more generally,

the study of debris impacts in inherently unstable channels has not been addressed

4



4 0

2.2 INPUT PROCESSES, FORMATION AND RESIDENCE TIME OF LWD

2.2.1 Input Processes* S
Large Organic Debris enters river systems by two main processes, either from outside the

channel due to bank erosion, mass wasting, windthrow, collapse of trees due to ice loading or

biological factors such as death and litter fall (Keller, 1979); or from inside the channel,

4 through erosion and flotation of emergent and riparian trees (Hogan, 1987) (Figuie 2.1).

Fetherston et al. (1995) suggest that debris inputs are either "chronic or episodic". Chronic

inputs are frequent, but small in magnitude and occur due to tree mortality and bank failure.

4 Episodic inputs are infrequent, but provide a large amount of material. Episodic input

processes include windthrow, ice storm, fire and flood events. The dominance of different

input processes varies widely. For example, 45 percent of input is due to windthrow in the

Lymington Basin, UK (Gregory et. al, 1993), while massive inputs from landsliding of debris in
a mountain catchment are reported by Pearce & Watson (1983) and by lansliding as a

consequence of logging operations in the Queen Charlotte Island, British Columbia by Hogan

et al. (1995). Keller et al. (1979) suggest that in low gradient, meandering streams inputs are

4 predominantly the result of bank erosion and mass bank wasting, windthrow and ice loading, 0

while in mountain streams the main process is debris avalanche. Diehl & Bryan (1994) found

the dominant input process to be bank erosion in unstable rivers in Tennessee and noted that

channel instability could be a good indicator of in-channel debris abundance. LWD that has4

been input by bank erosion can be identified and distinguished from that which has entered by

other processes because the trees will usually have an asymmetrical root mass due to

progressive slipping of the tree from the bank into the channel (Diehl & Bryan, 1994). Smith et

4 al. (1993) found debris input to be spatially random. However, the locations of zones from

which LWD is supplied will vary as a function of the distribution of riparian vegetation,

streamside topography, channel characteristics and the prevailing wind strength and direction,

4 (Fetherston et al., 1995). It may, therefore, be possible to determine which are the dominant

input factors based on observations of these factors and, thereby, predict the distribution of

major source areas within the catchment.

2.2.2 Formation of Jams*I •
Once in a channel, debris may form into jams ot dams. Jams usu.,lly form around "key coarse

woody debris" (Nakamura, 1993), which are usually large, whole trees that have entered the

channel by one of the mechanisms mentioned above and which may be anchored to the bed or

*I banks at one or both ends. Smaller debris floating down the channel then accumulates against •

5



the key elements, which act as a sieve to debris and, later to sediment. If there is no fine debris

in the stream a mature jam may never form, so that the impact of key-debris is minimal. The
tO

location of debris jams within the channel, their size and their coherence vary as functions of

position in the catchment. In small sticams much debris will accumulate where it falls because

the flow is not competent to move co-rse material and it is in larger streams that distinct jams

4 may form. In yet larger rivers debris may never accumulate because it is carried away

downstream. Piegay (1993) observed debris distribution in a sixth-order river in France and

found that most material was deposited on the channel margins, forming a narrow debris line

rather than in-flow jams. Wallance & Benke (1984) noted a similar distribution in meandering

rivers in the southeast USA where dense, partial jams forrmied at a anale to the main flow. As

mean channel dimensions and flow competence increase downstream more and more debris

will be moved from its position of input, until all but the largest trees are transported, This
process relationship may result in a trend of reducing LWD frequency downstream but, at the

same time, produce an increase in the volumetric size of each jam (Swanson et. al., 1982).

1.2.3 Residence time of debris jams

4 4 The residence time, or persistence, of debris jams is an important factor, which determines the 0

timespan over which channel morphology at a jam site will be affected. The influence exerted

by jams on channel morphology also varies with time as the debris in the jam structure

deteriorates (Hogan et. al., 1995), Assessing residence time is difficult and estimates range

between 12 months for a 36% change or removal (Gregory & Gurnell (1985), to 40-90 years

(Hogan, 1987), to 200 years for streams in British Columbia (Keller & Tally, 1979). Residence

times may vary as a function of drainage basin area, and are largely dependent upon the return

4 period of a flood with a magnitude capable of entraining a significant proportion of the trapped

debris or moving larger key components of the jam. Other important factors affecting jam

persistence are average tree dimensions and wood deterioration ratw. Swanson ci al. k 1902)

4 discovered that the density and volume of in-channel debris are greater in rivers which flow

through coniferous forests, than they are in rivers that flow though deciduous forests. This is

because conifers are, on average, taller and have slower decay rates than deciduous trees.

6



L Figure 2.1 Dynamics of woody debris (adapted from Keller & Swanson, 1979)
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Figure 2.2 Energy transformations in streams with log steps (adapted from Marston,
1982)
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2.3 GEOMORPHIC SIGNIFICANCE OF LWD

2.3.1 Effects of channel scale

It is important to recognise that processes are scale-dependent and that the influence of LWD 0

on channel and valley morphology may change systematically downstream through the

network (Abbe & Montgomery, 1993). Zimmerman et al. (1967) found that debris

accumulations in a very small stream completely obscured the usual hydraulic geometry

relations, while Robinson & Beschta (1990), and Keller & Tally (1979) suggest that e bris

loadings increase with stream size. Gregory et al, (1985), have characterised jams into three
types

1) Active (form a complete barrier to water and sediment movement, and create a

distinct step or fall in the channel profile)

2) Complete (a complete barrier to water/sediment movement, but no step formed)

3) Partial (only a partial barrier to flow) •

They suggest that these types become more prevalent sequentially as channel size increases.

Once trees fall into a stream, their influence on channel form and process may be quite different

to that when they were on the banks, changing from a stabilising to a destabilising influence *
due to their effect in causing causing local bed scour and basal erosion of the banks. Thus, jams

represent a type of auto-diversion, that is a change in channel morphology triggered by the

fluvial process itself (Keller & Swanson, 1979).

The type and degree of impact on channel morphology depends primarily on the channel 0

width/tree height ratio and on debris orientation relative to the flow. Mean discharge and the

dominant discharge recurrence interval are also important because the higher the flow is

* relative to jam size, the smaller will be the jam's impact through flow diversion and channel

* roughening The principal effects of debris upon channel morphology are described below.

2.3.2 Impact of debris jams upon channel morphology

"* LWD influences the geomorphology of rivers at three levels (Gray, 1974): the overall channel

form; detailed features of the channel topography; and, channel roughness.

Heede (1985), Smnith (1993), Andrus et al. (1988) and Mosley (1981) have all observed that

the spatial distribution and number of pools, riffles and gravel bars is positively related to the

* distribution and volume of LWD in the channel. This relationship has been explained through

laboraton experiments by Smith & Besehta (1994), who found that the pool-riffle sequence in

9



Figure 2.3 Schematic diagrams of pool types (Modified from Robinson and Beschta, 0
1990)
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gravel-bed rivers is maintained by a combination of mean boundary shear stress and

intermittent lift and drag forces due to velocity fiuctuations around dehris Random debris

input will also distort the pool-riffle sequence, making it less systematic, so that the long- 6

profile hEs very little spatial memory or periodicity (Robinson & Beschta., 1990). Robinson and

Beschta (1990) devised a pool classification system containing six pool categories (lateral

scour, fluvial, plunge, underflow, deflector and dain) based on flow and debris interaction (see

figure 2.3). Other studies have shown that a considerable proportion of the vertical fall of'

channels can occur at the sites of debris jams, accounting for a 4% of the vertical drop along a

412m reach of channel in Vermont (Thompson, 1995) and 60% of the total drop in Little Lost

4l 0



Man Creek in Northern California (Keller & Tally, 1979). Debris jams, therefore, may act as

local base levels and sediment storage zones which provide a buffer in the sediment routing

system (Heede, 1985, Bilby, 1981).

Thompson (1995) found that LWD causes an important negative feedback mechanism where,

in the case of channel degradation, there is an increase in debris input due to mass bank failure,

4 which ii, turn causes greater sediment storage. Increased sediment storage causes channel bed •

elevation to rise, tending to reduce bank heights and the rate of bank failure and debris input is,

therefore reduced. On this basis, Klein et al. (1987) argue that jam removal can reduce the base

level for the channel upstream and may trigger bank erosion. However, in an experimental

study by Smith et al. (1993a and b) it was found that, while the removal of debris from a small

gravel bed stream initially caused a four-fold increase in bed load transport at bankfull flow, the

associated loss of scour turbulence and greater flow resistance imparted by alternate bars
actually resulted in a reduction in stream power which was compensated for by sediment

deposition and net channel aggredation.

Potential energy is dissipated at jams and jam energy loss may be as much as 6% of total

potential energy (MacDonald et al., 1982). Shields & Smith (1992) found that the Darcy- 9 0
Weisbach friction factor was 400 % higher at base flow in an uncleared river reach compared

to a cleared condition, but that this value declined to 35% at high flows. The velocity

distribution is also far more heterogeneous in debris-filled reaches, especially at low flow.

Changes of stream power distribution due to flow resistance effects in turn give jams the ability

to influence the location of erosional and depositional processes. Also, the backwater effect

cieated by jam back-pools may induce local silting (Keller et al. 1976), Thus, in small, stable
channels log steps generally increase bank stability and reduce sediment transport rates by 0

creating falls, runs and hydraulic jumps.

Figure 2.2 shows how potential energy is lost through a log-step sequence, as outlined by

Marston (1982). The localised dissipation of energy can, however, result in associated local

scour and bank erosion which causes channel widening. Bank failure may also occur through

flow diversion around a debris obstruction (Murgatroyd & Ternan, 1983). Davis & Gregory

(1994) have also suggested a mechanism whereby bank failure is induced through the erosion

of a porous, gravel, baný, subsurface due to the greater hydrostatic pressure caused by debris-

dammed flow. Conversely, Keiler & Tally (1979) have observed that flow convergence under

logs may cause channel nar-wing, with sediment storage upstream and a scour-pool

downstream of the log step.
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As drainage area increases and the channel width/tree size ratio exceeds unity, flow is diverted

laterally, to induce bank erosion through local basal scour. Hogan (1987) found that, in

undisturbed channels in British Columbia, organic debris orientated diagonally across the

channel resulted in high width and depth variability. However, in catchments where therc had

been logging operations the majority of in-channel discarded timber was orientated parallel to

the flow and it subsequently became incorporated into the stream bank'," protecting them from

erosion. Nakamura & Swanson (1993) and Keller & Swanson (1979) have suggested that

there is a wide range of types of interaction between debris jam and channel processes,

progressing from local base level control and possible local widening in low-order streams, to

lateral channel shifts and even meander cut-off in middle-order chanr.els, where debris is

moved into larger more coherent jams which may eithei increase or decrease the channel

stability depending upon the erodibility of bed and banks, In larger channels still, bars may

form and flow bifurcate around debris obstructions This last process has been documented by 0

Nanson (1981) in British Columbia, who found that organic debris deposited at low flow

provided the nuclei for development of scroll bats, through the local reduction of stream

power. Hickin (1984) also observed crib-like bar-head features, but was undecided regaiding * 0

whether the debris caused bar formation, or whether the bars pre-dated and trapped the debris.

In either case, organic debris would, at the very least, enhance sediment deposition and bar

formation.

2.4 ECOLOGICAL IMPACT OF LWD

LWD dams are very important in small stream ecosystems because they provide a source of

organic matter and retain floating leaves and twigs in the dam structure and backwater pools.

This coarse particulate organic matter (CPOM) is broken down by shredder invertebrates in 0

the low energy pool environment, creating fine :)articulate organic matter (FPOM) and

dissolved organic matter (DOM), which are the required energy sources of a succession of

invertebrate species who are, in turn, the energy source of high fauna species. Bilby & Likens

(1980) found that the percentage of the standing stock of organic matter retained by jams

changed from 75% in first-order, to 58% in second-order, and 20% in third-order streams

because the prevalence of dam type jams declined downstream, The volume of CPOM

therefore declines downstream, while the volume of FPOM and DOM increases. This gives rise

to a spatially varied invertebrate community, changing from shredders in small channels to

gathers of FPOM downstream. Smock et al. (1989) and Wallance & Benke (1984) found

similar correlations between debris volume and invertebrate abundance in sand-bed streams,
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where debris provides the only stable substrate for organic matter retention and invertebrate

habitat. Higher species, such as fish, use debris and associated pools for shade, protection from

predators, feeding and spawning grounds. The pools and falls created by log steps also help to

oxygenate the flow, and provide a variety of different energy environments which are can be

colonised by niche species.

In addition to providing essential fauna habitat, LWD is also a vital factor in the development

of the riparian forest mosaic (Fetherston et al., 1995). Debris deposition in the channel and on

the floodplain creates sites of low boundary shear-stress where vegetation colonisation can

take place. This leads to the development of vegetation-stabilised islands and bars (affecting

the geomorphological development of the channel) which may subsequently coalesce and/or

become attached to the bankline to form new areas of forested floodplain that provide shade,

bank stability and supply and storage of organic matter, sediment, water and new LWD. Figure

2.4 shows a modified version of the LWD-driven model of Fetherston et al., (1995) for

riparian forest development, based upon research findings fiom the Pacific Northwest,

Figurm 2.4 Conceptual model of montane riparian forest development. (Modified from
F•'•tIrsion et al., 1995) 0
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2.5 MANAGEMENT STRATEGIES

Until basic research concerning in-channel LWD began to suggest otherwise, it was commonly

believed that LWD was detrimental to the fluvial system, hydraulically, ecologically and

geomorphically. On this basis, reasons for debris removal included:

a) To improve navigation;

b) To increase channel conveyance by teducing roughness; 0

c) To eliminate bank erosion;

d) To facilitate the migration of fish, especially salmon (MacDonald, 1982).

It is now recognised that there are advantages to be gained by maintaining or even increasitig

in-channel debris accumulations (Gregory & Davis, 1992; Keller & McDonald, 1995).

Management strategies ihat are currently advocated vary widely, however. This perhaps

reflects our, as yet, incomplete understanding of LWD dynamics in different channel

environments, and because goals vary between different management strategies, In this respect

effective debris management depends on the underlying aims of the proposed management

action.

Successful management also depends upon a comprehensive understanding of the following 0 *
hydrogeomorphological factors (Gregory & Davis, 1992):

a) The relationship between river channel processes and river channel morphology.

b) Awareness of the timescales over which river channels may adjust; •

c) Consideration of channel management in the wider context of river basin

management.

More specifically, debris management must consider:

a) Channel stream power characteristics; •

b) Sediment movement and storage relationships (high/low; fine/coarse sediment;

suspended/bedload),
c) Channel stability; *

d) Size and character of river channel in relation to debris size;

e) Spacing and frequency of jams;

1) Size and character of jams, and orientations of component material;
*

7) Age and stability of component materials.

In an evaluation of soft engineering for in-stream structures, including some using woody

debris, to mitigate the effects of highway construction in British Columbia, Miles (1995) found

that nearly 50% of the structures had been severely damaged after 8 to 14 years. Miles •
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attributed this problem to insufficient understanding and consideration of the stability of the

structures in a high energy river environment. lie concluded that soft restoration techniques

may not be appropriate in highly energetic mountain rivers and that, if restoration is to be

performed, funding must be made available for long term mnwnitoring and maintenance.

There appears, in general, to be a consensus of opinion amongst researchers inter-sted in LWD

regarding appropriate management approaches for channel restoration. Bren , 19,3) and •

Nunnally (1978) argued that the riparian zone should be left undisturbed, in a natural state

(although defining natural is difficult in most channels) and that, because debris is so important

for the river ecosystem, debris jams should be left in place. Keller and McDonald (1995) 4

studied catchments which had been disturbed by logging operations. They recommended that a

riparian buffer strip should be left to maintain the natural LWD supply and warned that

landsliding events caused by badly controlled logging operations, can cause excessive LWi)

input which is detrimental to stream habitat and flow and sediment conveyance.

There may be a case in streams lacking a wooded riparian strip for the introduction of debris

jams (Keller & McDonald, 1995). If a debris recharge policy is to be implemented, however, it

is important that debris jam volume and orientation emulates the values which would be found S *
under natural conditions (Robinson & Beschta, 1990). Wallace & Benkc (1984) concluded

that, in most insiances, the best management is probably no management, except where

adjacent floodplains have to be protected firom flooding.

Comprehensive studies of coarse woody debris in relation to river channel management have

beeti carried out by Gregory and Davis (1992) and Gurnell and Gregory (1995a and b). The

collation of analyses from twenty two research papers with primary field studies carried out in

the New Forest, UK (Gregory & Davis, 1992) demonstrated the significance of IWD to

channel morphology, processes and ecology (Figure 2.5) and produced a preliminary table of

debris management criteria based upon their findings (Figure 2.6). They conclude that, "... a

conservative approach to debris removal should be adopted for most areas, bult that different

strategies are needed according to the characteristics of particular localities." (Gregory and

Davis, 1992, pg. 133).

It should be noted, however, that this study, in common with most others cited, was carried

out in an essentially stable, equilibrium channel environment where changes to channel

morphology are negligible and significant impacts relate mostly to ecological habitat diversity.

Also, little attention is paid to "different strategies" that may be required in contrasting channel

environments and there is no discussion of conflicts between practices advocated by various •
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organisations in the USA. For example, Gregory & Davis (1992) suggest that, based on their

literature survey, no debris should be removed from channels exhibiting low stability (Figuie

2.7). However, this contradicts the practice described by Brookes (1985, pg. 64), "In North

America the concept of channel restoration was developed in North Carolina under the funding

of the Water Resources Research Institute of the State University ... Restoration is achieved by

removing debris jams and providing uniform channel cross-sections and gradients whilst

preserving meanders, leaving as many trees as possible along the stream banks, and stabilising

banks with vegetation and rip-rap where necessary ....

Similar approaches have been documented and carried out by numerous researchers and

organisations in the USA including: McConnel et al. (1980), based upon work on the Wolf

River, Tennessee; the American Fisheries Society (1983), in a publication entitled "Stream

Obstruction Removal Guidelines", (see Figure 2.8); Shields and Nunnally (1984); and, Palmiter

(Institute of Environmental Sciences, 1982).

The recommendations of Palmiter (1982) include the following:

a) Removal of log-jam material by cutting it to a manageable size;
b) Proection of eroding banks using brush piles and log-jam material, with rope and

wire;

"c) Removal of sand and gravel using brush-pile d :tlcutors;

d) Revegetation to stabiiise banks and shad.,-out aquatic plants;

e) Removal of potential obstructions such as trees and br.anches;

Willeke & Baldwin (1984) assessed the Palmiter techniques and found them suitable for areas

experiencing chronic, low intensity flooding and bank erosion, but not advisable for rivers with

extreme flood problems. They are also found to be largely ineffective for erosion control where
the mechanism of bank failure is that of mass wasting rather than tn :tive force erosion

(Hasselwander, 1989).

It is evident from the preceding discussion of LWD management strategies that

recommendations vary considerably ranging from limited or no interference to total clearance

of debris from the channel. These apparently contradictory recommendations must be viewed

in the light of the overall management program that they were designed for, as requirements

for habitat enhancement differ from those for flood defence.

Finally, and of great importance., is the fact that the recommendations of type made by

Palmiter and others, address debris management predominantly in, low gradient, sand-bed, and

perhaps ostable, flood prone rivers (South tLSt USA), while those prescribed by Gregory and
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Davis (1992) and others are based upon findings from uplard, even montain, gravel-bed rivers

and streams (Pacific Northwest USA). Process relationships between the debris and the

channel are likely to differ between these two fluvial environments, although, as yet, these

differences have not been recognised or investigated. Indeed, while there is a wealth of

research concerning the geomorphological impacts of LWD in upland gravel-bed rivers, there

has been little comparable research in lowland, sand-bed, and!or unstable river environments.

S 4 0
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Figure 2.5 The significance of' coarse woody debris dams for channel morphology,
channel processes and ecology (modified from Gregory and Davis, 1992)
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Figure 2.6 Determinants for a management strategy for rivers in woodland areas
(modified from Gregory and Davis, 1992)
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4W' .Figure 2.7 Definition of Stream Obstruction Conditions (Modified from Americatv
Fisheries Society, 1983)
Condition One Management Criteria"These stream segments have acceptable flow and no work No work to be conducted.

would be required. They may contain various amounts of
instream debris and fine sediment, such as silt, sand,
gravel, rubble, boulders, logs and brush. In certain
situations flow may be impeded, but due to stream and land
classification or adjacent land use, this is not a problem

Condition Two Managemnnt Criteria 0
These strean segments currently have no nmajor flow Equipment that will cause the least damage to the
impediments, but existing conditions are such that environment shall be selected for perfotrning ftie worK.
obstructions are likely to fonn in the near future, causing First consideration %ill be given tif the use of hand olp.e'ated
unacc•ptable problems. This condition is generally equipment such as axes, chain snas, and winches io rencve
characterised by small accumulations of logs and/or other aceumulations. Boots with motors may be used where
debris which occasionally span the entire stream width. needed. When the use of hand operated tools is not 1.asible,
Accumulations are isolated, not massive and do not heavier equipment may be used. e.g. small tractors,
presently cause upstream ponding damage. backhoes, bulldozers, log skidders and lov, PSI ,'quipmcnt.

Ibquipncnt shall be operated in a manner that results in
least damnage to vegetation and soils of the project aree. In
s.ine cases explosives may he used resulting in less
diunage. Debris designated for removal from the stream or
flot,.dwav should be removed or secured in such a nanner as
to restrict its re-entry into the channel. Generally, it should
be In.sitioned so as to reduce flood flow impediment

Condition Three Management Criteria
lhce stream segments have unac4eptablc flow problems. Iquipinent limitations % Ill be the same as for condition two
Obstructions are generally characterised by large segments. Work shall be accomplished within the channel
accumnulations of lodLged trees, root wads, and/or other or from one side of the chaunel where possible. Selective

* debris that frequently span the entire strearn width. tree clearing shall be limited to the minimumn ncccsary for f
Although impeded, some flow moves through the equipment access and etlicient operation of equipment on
obstruction. Laige amounts of sediment have not covered or the worked side of the channel. l)isposal of equipment may
lodged in the obstruction be aU.complished b y removing it tioni the floodplain or by

buiniig, burying or piling, as appropriate, with the
rminiimom amount of disturbanuc, to vubetation. Piled debris
shall be gapped at frequent intervals and at all tributaries
and distributaries.

Condition Four Management Criteria
Th1ese strewn segments are characterised by major Blockage removal may employ any equipment necessary to
blockages ( using tmacceptablc flow problems. accomplish the work in the least damnaging inanne. Work
Obstructions consist of compacteld debris and/or debris th.l should be accomplished from ouc side of the channel where
severely restricts flow practical. Material shall be disposed ii accordance with

guidelines presented aN)ve for condition three selgients. 0
Spoil piles s;hould be constructed as high as sediment
properties allow. 'lime placement of spoil around the base of
mature trees should be avoided.

Condition Five Management Criteria
These stream segments u tmique, sensitive, or Special provision fbr protecting unique, sensitive, or
especially valuable biotic resources and should be dealt productive biotic resources shall be developed by
with on a case-by-case basis. Examples include, but are not appropriate prolcssionals on:, case by case basis.
limited to: Areas harbouring rare or endangered species,
shellfish beds, fish spa'wving and rearing areas, and
rookeries.
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3 REGIONAL CHARACTERISTICS

3.1 Introduction 0

Creeks in northern Mississippi have received considerable attention from geomorphologists

and engineers recently in an effort to try and stabilise channels which have been degrading

through knickpoint migration due to lowering of the base level (Schumm, 1984). Degradation

problems have been combated by the construction of grade-control structures which reduce 0

stream power by means of a hydraulic jump. Degradation has been caused in the past forty

years by several factors including trunk stream dredging, changes in farming practices and

channel straightening which was originally carried out to reduce flooding and improve drainage 0

of valley bottom lands. The degradation problem is manifest mainly in the bluffline hills, away

from the Mississippi delta and floodplain, where creeks are often ephemeral and "flashy" in

nature, but flow through highly erodible alluvium and loess.
0

The study sites chosen all lie on this type of material, in the Bluff-Line Hill,. Plate 3.2 shows a

geological map of Mississippi and the location of the DEC study area.

3.2 GEOLOGY 4

3.2.1 Pleistocene-Holocene Stratigraphy

Four major stratigraphic units make up the Pleistocene-Holocene valley fill in northern

Mississipp;. From old;st to youngest, these are: 0

1) Meander Belt I (MBI):

A fine-grained deposit which contains five types of sediment: point bar, channel, natural levee,

abandoned channel, and backswamp. If natural levee and abandoned channel-fill sediments

crop out in the toe slope they provide a measure of stability, whereas point bar, channel, and 0

Uackswamp sediments are highly erodible. The level of channel degradation has now

nrogressed to the noint where toe-slope materials are comorised of these units.

0

2) Lacustrine (Old Palaeosol) (L):

Deposited in a low energy fluvial environment, these sediments are homogeneous and comprise

loess and alluvially re-worked loess. Characteristic of this unit is a well-developed polygonal

structure, with seams up to 2 cm thick, filled with uncon.,olidated material. These seams

present distinct planes of weakness in the material. The unit also contains iron concretions in

the lower level which offer some resistance to knick-point migration (Little et al., 1982). In

this study Old Palaeosol outcrops were recognised in both Lick Creek and Nolehoe Creek.
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3) Meanderbelt 2 (Young Palaeosok) (MB2):

These materials are fine-grained, weathered, less cohesive, and, therefore, more erodible than

Meanderbelt 1. These sediments form the upper portion of many banks and represent a

significant source of suspended and bedload sediments. This layer is highly permeable

compared to the Old Palaeosol, and piping often occurs at the L/MB2 interface. Piping is an

important contributor to bank failure (Grissinger, 1982).

4) Post Settlement Alluvium (PSA) :

PSA was deposited during the last 150 years due to the rapid vertical accretion of floodplain

sediments following European settlement of the region. Up to 16 ft of deposition has occurred

due to farming malpractice that commenk Ad in the 1830s and continued until the 1930s. The

bulk of sediment has been deposited in the upper and middle reaches of valleys. These

sediments are unweathered and cohesionless and provide a principle source of suspended

sediments. This Pleistocene-Holocene stratigraphy is shown in as a column in Figure 3. Ia and

in cross-section in Figure 3.1 b. * *

3.3 GEOMORPHOLOGY OF CHANNELS IN NORTHERN MISSISSIPPI

3.3.1 Baak Characteristics

In all four creeks studied, the Pleistocene-Holocene MB 1, L and MB2 units are located within

the channel banks to a depth of 4-8 feet. This loess material is fairly uniform in color, and

composed of a brown-gray-sandy silt to silty clay (Schumm et al.,l')84). The chief

characteristics of this loess are: 0

a) unifbrmity of texture;

b) Irregularity of shape and extreme fineness of particles;

c) Generally massive structure;

d) Lack of coherence;

e) Capacity to stand as vertical-faced walls;

f) Capacity to absorb water.

3.3.2 Bed and Bank Failure Mechanisms in Degrading Channels

Knick zones can be observed in nearly all drainage basins in northern Mississippi. These

fieatures reflect an abrupt change in channel gradient, the typical knick-point unit being

characterised by a 2-4 ft vertical fall within a cohesive unit, which reflects an overall incision of
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the channel in response to regional lowering of the base level (Schumm et al,, 1984). Perched

tributaries, drainage ditches which enter the main stream at a higher elevation than the bed of

the main channel and mature tree growth significantly higher than the channel bed are also

characteristic of overall incision. The bed of the middle to upper portion of Byhalia Creek, for

example, is dominated by knick zones, perched tributaries and undercut structures.

The principal units being degraaed in northern Mississippi are Meanderbelt I and Lacustrine.

However, natural levee and abandoned channel sediments of MBI are more resistant to

erosion than channel, point bar and backswamp sediments and offer some resistance to

knickpoint migration. Upstream knickpoint migration is a function of flood frequency and bed

material erodibility. Where a knickpoint has been at the same location over a period of time, a

characteristic widening of the channel, downstream, takes place. This is known locally as a

"blow-out" (Begin et al., 1981).

A sequence of channel reach types associated with knickpoint migration in northern Mississippi

has been conceptualised by Schumm et al. (1984), in what has been termed the Channel

Evolution Mode (CEM). This idealised sequence is shown schematically in figure 3. lc. Along

*I a given channel morphological classification Types I through 5 occur in sequence downstream 0

and, at a given location, will alsooccur, in series, over time. The data used to determine the

channel evolution model were obtained from Oaklimiter Creek, and are presented in table 3.1.

The morphological catt, gories, as described by Watson et al. (1993) are outlined below.

* Type 1: These reaches are in equilibrium and are characterised by a sediment transport

capacity that exceeds sediment supply, a bank height that is less than the critical height, a

saucer shaped cross-section, possibly small precursor knickpoints and a channel bed with little

or no sediment deposited. Width to depth ratios are highly variable.

STyl.pe 2 - These reaches are located immediately downstream of primary knickpoints and are

characterised by sediment capacity that exceeds sediment supply, a bank height that is equi 1 to

* the critical bank height, rectangular cross-section, a channel bed with little of no sedi' .ent

deposited, a lower bed slope than Type I reaches because degradation reduces bed slope and a

lower width-depth ration value than Type I reaches because the depth has increased but the

banks are not failing.

* "ype 3 : These are locat d downstream of Type 2 reaches and are characterised by a

sediment transport capacity that is highly variable with respect to sediment supply, a bank

height that is greater than the critical height and erosion due primarily to slab type failure, an
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accumulation of less than two feet of sediment in the bed channel which locally can be much

higher if there have been recent bank failures that have not been removed by subsequent flows,

a channel depth that is somewhat less than that in the Type 2 reaches due to limited

aggradation and channel widening due to bank erosion.

* Type 4 - These are located downstream of Type 3 reaches and are characterised by a

sediment supply that exceeds transport capacity cause aggradation of the channel bed, the

formation of longitudinal berms along the channel mnargins which eventually define the edge of

the effect.ve discharge channel and the elevation of a new floodplain within the incised channel,

a bank height approaching critical with failure rate lower than in Type 3 reaches which is

enhanced by berms loading the bank toe, a near trapezoidal cross-sectional form, and width-

depth ratio values that are higher than those for Type 3 reaches because aggradation has

reduced the channel depth and bank failure has increased the width of the channel.

* Type 5 : These are located downstream of Type 4 reaches and are characterised by a near

equilibrium between sediment transport capacity and sediment supply for the channel cross-

section that is defined by the top of the berms, a bank height leas than critical and reduced bank

angles due to incorporation of failed bank material into berms, colonisation of berms by S 0

riparian vegetation which increases hydraulic roughness and thus promotes further accretion,

sediment depth in the bed of the channel that generally exceeds four feet, a compound channel

with the low stage defined by the tops of the bermns and high stage defined by pre-incision

floodplain, and width to depth ratios that are higher than those of Type 4 reaches. Type 5

reaches define the new dynamic equilibrium conditions in the channel.

This model assumes that the channel is responding to a single base level lowering event and
that the channel perimeter is readily adjustable both vertically and laterally. The model is also 0

only applicable at a system wide level as local processes such as meander bend erosion will

distort the sequence. Never-the-less, the sequence provides a framework whereby the complex

adjustments in a channel can be understood and the morphology of individual reaches related 0

to processes operating both upstream and downstream in the network.

Bank erosion in Type 3 and 4 channels can cause considerable problems in terms of loss of

agricultur-al land, and the undermining of bridges and other structures. Sedimeiit production

through bed erosion and bank failure from the adjusting channel segments also causes

problems further downstream, where reservoirs can become choked, navigation channels

blocked and the risk of overbank flooding exacerbated.

24



Figure 3.1a Generalised Stratigraphi~c Section of Pleistocene-Holocene Valley Fill,

Northern Mississippi_(modified from Schumm, 1984)
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Figure 3.1b Schematic ILongitudinal Profile or the Northern Mississippi Valleys Showing

the distribution of Pleistocene-Holocene Stratigraphic units (modified from Schunim,

1984)
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Figure 3.1c Schematic Longitudinal Profile of an Active Channel Showing Identifiable

Features (modified from Schumm, 1984)
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Figure 3.2 Geological map of Mississippi showing the DEC survey area (modified from
Watson et al., 1993) ck)
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Table 3.1 Summary of morphometric data used to determine channel evolution model - 0
Oaidimiter Creek (after Schumm et al., 1984) ()

Stage Lcation Top Width D)epth (ft) Width/ )cpth Thalweg 1)Dpth of D)ominant Process

(d) Ratio (ft) Stope (MI) Seiment Id1)
I upstrcmn of 82 17.3 4.7 0.0020 0 transport of

headcut .wdimniot

II hmnUndiatty 82 21.6 3,8 0.0018 variable 0-2 degradation
dowAustrewn
of headcut

it I)omlistrewin 100 20.1 4.9 0.0018 1.5 rapid %idcniing
of 11

IV lowlstrCaill 115 19.2 6.0 0.0016 2.5 a~gradation and
of Ill devi. of imeandering

thalweg
V l)owNistrcani 119 15.3 T.8 0.0010 6.3 aggradation and

clV stabilisation of

altLernatc bars

Riverbank retreat in type 3 and 4 reaches takes place by fluvial erosion and bank mass

instability (Thorne, 1981). The relative amount of vertical and lateral erosion (which cause an

increase in bank height and bank angle, respectively) is, therefore, a function of bank material

micro-scale electrochemical properties (in cohesive material) bank geometry, bed materials and

excess flow boundary shear-stress above a critical value for entrainment. Mass instability on

the other hand, depends on macro-scale soil properties and bank geometry. Poor drainage and

consequert saturation promotes bank failure by causing positive pore-water pressure which, in

turn, reduces effective cohesion and, therefore, the factor of safety (Fs = restraining/disturbing

force). The most favorable conditions for poor drainage are heavy precipitation and/or rapid

channel flow draw-down, which changes the bank from submerged to saturated conditions

effectively doubling the bulk weight of bank material (Thorne, 1978). Slab-type failure is most

common in steep banks (,-60 degrees, Taylor, 1948), where a block shears along a planar

surface and topples forward into the channel. This mechanism is promoted by the development

of tension cracks within the bank. The removal of woody perennial vegetation from the top of

banks enhances the formation of these cracks although large vegetation, stch as treeq. may act

to hasten failure by surcharging (adding excess load to) the bank if the root network is

undercut.

Downstream of a knickpoint the channel widens by mass failure, followed by basal clean-out of

slump debris, until stream power has fallen to a level where failed bank material can no longer

be carried away. A sinuous channel then develops, within the confines of the incised and

blown-out terrace walls of the incised canyon. Where a meander encounters the terrace wall,

bank failui e may continue to take place, probably by a rotational slip of the lower angle, higher
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bank. The channel eventually becomes stable once more, except that it lies within an

entrenchment in the former floodplain. ()

While bank failure is related to bulk mechanical properties, the rate of retreat is dependent

upon the fluvial entrainment of failed bank material. This phenomenon has been termed Basal

Endpoint Control (Thorne, 1978), and it explains how the rate of channel width adjustment is

controlled by the balance of sediment moving into and out of the basal area. •

Initially, slumped debris protects the bank from further erosion and failure through buttressing,

bank toe loading, and by buffering fluvial activity away from the bank base. Eventually debris is

removed however, (it is much less resistant to erosion than the intact bank) and further basal

erosion of the bank takes place. Figure 3.3 shows a schematic diagram of sediment fluxes in

the near bank zone.

Figure 3.3 Basal Eindpoint Control: Sediment flux in the near bank zone (modified from

Darby & Thorne, 1993)

Qs5ANK Supply from bank failures * * 4
Qs(Jt, Output to and lateral bank erosion

downstream . .

•• - As Change in storage.
* 4

QSI.Ar, Lateral

transfer of
sediment QSIN Input firom upstream

There are three states of basal endpoint control, and therefore lateral channel stability

*4

I) INPUT > OUTPUT (Impeded removal): Basal sediment wedge accretion, berm

lbrmation and increasing bank stability

2) INPUT - OUTPUT (Unimpeded removal): Equilibrium between processes de~ivt--:;

and removing sediment, bank retreat

limited.

3) INPUT < OUTPUT (Excess basal capacity): Removal of sediment wedge by basal

scour causing basal lowering, a reduction •
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in bank stability, and an iacreased bank

retreat rate.

Channel evolution models such as that developed by Schumm et al. (1984) use the theory of

Basal Endpoint Control to explain the sequence of degradation, widening and stabilisation that

is characteristic of unstable Bluff Line streams. 0

Grissinger (1982) recognised that bed stability is also controlled by velocity-dependent

hydraulic properties and describe how degradational erosion of the Lacustrine-Old Paleosol

material is influenced by its polygonal structure and is initiated through the development of a 4

narrow chute, which widens and deepens, with discrete blocks being eroded and entrained.

It is channel bank failure downstream of a knickpoint in wooded areas that leads to the input to

the channel of large quantities of trees and other organic debris. The size, orientation, and

persistence of organic debris then affects stream power, flow routing, the Basal Endpoint

Control state and bank erosion rates. It is, therefore, probable that the processes and

morphology in the idealised sequence of the Channel Evolution Model will be distorted by the

input of substantial quantities of LWD in Type 2 and 3 reaches if the riparian zone is heaviliy 0 *
wooded. Debris jams may either act to reduce local chaiinel instability, through energy

dissipation and sediment retention, or may assist in driving bed and bank erosion by causing

local bed scour and flow diversion into channel ban;.s. It may, therefore, be necessary to refine 0

the channel evolution model to describe adequately the form-process relationships occurring in

unstable channels with wooded riparian zones. The affect of LWD on the Channel Evolution

Model is an interesting topic and one which is addressed in the results analysis of this report
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4 RESEARCH METHODS

Field ata collection was undertaken in May 1995 and August 1996. Debris jams were surveyed

with long-profiles and cross-sections taken at 23 reaches which are monitored by the U.S.

Army Corps of Engineers as part of the DEC monitoring research program. A full description

of the DEC monitoring site characteristics is given in Watson et al (1993). The reaches

o .surveyed were between 1220 and 3660 metres long and ranged in upstream watershed area

from 9 to 388 Figure 4.2 shows the rivers and major catchments of the project area in detail.

"Reacheswere surveyed on the following creeks:

Nolehoe Creek Sarter Creel Lick Creek
"" Burney Branch James Wolf Creek Long Creek

Sykes Creek Hotopha Creek Fannegusha Creek

Worsham Creek (East) Worsham Creek (Middle) Worsham Creek (West)

Abiaca Creek Harland Creek Red Banks Creek
Otoucalofa Creek Coila Creek Lee Creek

Perry Creek Hickahala Creek Marcuin Creek

ThLc.e surveys provide a comprehensive data-set, which not only covers a range of drainage

basin areas, from 9.5 to 256 Km2, but also allows comparison of debris loadings between

reaches with wooded and agricultural riparian zones, between straight and meandering reaches

and between highly unstable and stabilising or equilibrium reaches.

Debris jam sites have been surveyed into the thalweg and cross-section data for eacb creek so

that there positon and associated changes in local channel geomorphology can be monitored

over time. Data from the current survey has been processed, overlaid and compared with that

collected in May 1994 so that an assessment can be made of the rate of debris input, the

longevity of jams and, therefore, their etffctiveness as geomorphological channel controls, and

the changing pattrns of associated sedimentation and erosion.

Debris jam sediment budgets have also. been calculated to determine whether the net impact of

S . "• debris jams is through sediment retention or sediment scour and mobilisation. Sedimentation

processes are assessed using hydrauJic geometry relationships. V )lume of debris and number of

jams, per unit, ach length are also related to processes occurring in the sequence of stages in

"the Schumm channel evolution model (CEM).

Geomornhological n ýonnaissance was also performeo at each jam site to document the

volume of debris in each jam, to identify its mode of input into the channel, to determine the



jam type in terms of impact upon flow pattern and erosion, and to measure the volume of

sediment retained in backwater areas or bars, The following variables were assessed at each

jam site:

1) Debris jam volume: Estimated vol, ime of woody material (m3) in each jam. values are then

summed for each survey reach.

4 2) Morphological classification: A debris classification system, modified from that developed

by Robinson and Beschta (1989), which describes the geoniorphological impact of debris jams

throughout the drainage network. Figure 4.2 shows the original classification scheme and

figure 5.2a shows the modified version. Jam classification types ae as follows:

Underflow jams: In small catchments where fallen trees span the channel at bank-full

level. Local bed scour may occur under debris at high flows, otherwise the in-

channel geomorphic impact of the LWD is minimal.
Damjams: In channels where the average tree height to channel width ratio is roughly

equal to one, so that debris completely spans the channel cross-section. This

type of jam causes significant local bank erosion and bed scour due to flow

4 constriction and backwater effects will cause sediment deposition in the lower 0

energy environment upstream. Bars may also form immediately dovwstream of

the jam.

Deflector jams: Found where input debris does not quite span the channel so that flow

is deflected against one or both banks causing localised bed scour and bank

erosion. Subsequent bank failures result in the input of new LWD material to

the reach, so that the jam builds up further. Backwater sediment wedges and

downstream bars may form at this type of jam provided that stream power is 0

~AoSjint. I +I- -am. w8 to; vWat.3e below *he c-I.+c leve nLS%41 I-CAIA oad ulan. Al

suspended sediment transport.

Flow lParallel jams: Found where channel width is significantly greater than the key-debris

length and flows are competent to rotate debris so that it lies parallel to the

flow. Debris is also transported downstream in high flows and deposited against

the bank-base on the outside of meander bends and at channel obstructions such

as hydraulic structures. Related bank erosion and bed scour will be minimal, and

bank toes may even be stabilised by debris build-up. Flow parallel debris may

also initiate )r accelerate the formation of mid-channel and lateral bars.
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) ~ 3) Blockage classification: Jams are classified, using the scheme developed by Gregory et at,

(1985), according to their potential to block the downstream movement of water and sediment.
The classification types are:

Active: Jam forms a complete barrier to water and sediment movement and also creates

a distinct step or fall in the channel profile.

4 Complete: complete barrier to water/sediment movement, but no significant step.

Partial: Jam is only a partial barrier to flow.

4) Alpha/Beta Indices: The alpha angle describes the predominant alignment of the debris in

the channel with respect to the flow direction. These indices were first used by Cherry and

Beschta (1986) in connection with LWD flume experiments. The Beta angle is a measure of

the predominant orientation of the debris jam material in the vertical plane, orthogonal to the

flow direction. See figure 4.1 below.
Figure 4.1 Alpha and Beta Indices (modified front Cherry and Beschta, 1986)

Alpha Index (degrees) Beta Index (degrees)

Hoo
Flow

* ~Directijon\

0 0

sinuous, meandering).

6) Knickzones: Presence of knickpoints or knickzones in thc channel reach (a measure of

*\ 1

channel instability).

7) Sediment: Bedload D,0 classification (clay, silt, sand, gravel)
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8) Deposition/Scour: Estimated volume of bar deposition, backwater sedimentation and

bed/bank scour induced by each jam. Total deposition and scour values are then calculated for

each channel reach.

The debris volume and debris frequency measures, morphological classification, jam

sedimentation and erosion, and net jam sediment budgets in each reach have been and plotted

4 against three independent catchment variables. These are: upstream drainage basin area, reach-

averaged channel width; and reach-average stream power per unit bed area. Stream power per

unit bed areais calculated using the following equation;

* 0

O- Qs (3.1)
w

4 where, o = stream power per unit channel channel length (N/m/s-), p= density of water 0

(kg/m3), g = gravitational constant (9.81 mn/sj), Q = predicted bankfull discharge

(cumecs), s = bed slope (m/m), w ý reach average channel width (m).

These independent catchment variables are used to determine whether the geomorphological

effects of LWD have a coherent and predictable spatial relationship.

4I 9

*l 0
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Figure 4.2 DEC project area site location map (modified from Cooper et al, 1996)
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5 RESULTS AND DISCUSSION

All raw field data and calculations are listed in Appendix D. 0

5.1 Input Mechanisms

Debris jams were found in 17 of the 23 reaches surveyed. All reaches containing jams were

found to have wooded riparian zones, while the 6 reaches with no significant debris

accumulations were found to have non-wooded, open riparian zones.

'Key debris' (that is large trees which initiate jam formation (Nakamura and Swanson, 1993))

input mechanisms were found to fail into the fbllowing categories: •

37% due to outer bank erosion in channel bends;

36% due to bank mass-wasting in degrading reaches;

12% due to wind-throw; •

7% resulting from 'paleodebris' (material reintroduced into the channel from erosion of

old alluvial deposits containing preserved debris);

5% initiated by large logs floated from upstream; and

4% were found to be formed by beaver darns.

Plate 1 shows debris input due to mass failure of the bank on Harland Creek and Plate 2 shows

a beaver-LWD "dam" located on the sill of a low drop grade control structure on Worsham

Creek. 0

If channels have wooded riparian zones, the largest volume of debris input can be predicted to

occur where the channel is in phase two and three of the CEM or is actively meandering. Jams

tend to form where the key debris elements fall into the river and, hence, ar,- commonly located

at bend apices or in unstable ieaches downstream of knickpoints.

5.2 Distribution of LWD

Correiations were maade between average volume of debris (per vol. Per 100m) measured in

each reach surveyed against watershed area and stream power. Positive relationships were

expected in these correlations, as found by Gregory et al. (1993), because debris is more likely

to be mobilised and transported downstream into larger channels as flow competence 0

increases. In fact, no statistically significant relationship was found between watershed area

and debris volume. However, the relationship between stream power and debris volume was
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found to be statistically significant using Pearson Product Moment correlation analysis, at the

0.05 confidence level. This relationship is shown in Figure 5. Ia.

Correlations were made between average number of jams (jam frequency) per 100ni reach

length for each reach surveyed, watershed area and stream power. Negative relationships were

expected in these plots because as channel size becomes greater flow competence increases

and jams are, therefore, more likely to become dislodged (Swanson et al., 1984). However,

neither correlation was found to have a statistically significant relationship.

The use of hydraulic geometry and energy relationships to predict the distribution of debris is,

therefore, simple an approach to explain debris dynamics in these unstable channel

environments. Reach stability, and channel sinuosity are probably better predictors of debris

volume and the frequency of jams, because these factors to a large extent determine the rate of

debris input.

Examination of the values tbr debris loadings for each Stage (I to 5) of reach stability outlined

in the Schumm's (1984) Channel Evolution Model were examined to determine whether

loadings can be attributed to the processes occurring in the stages and, therefore, whether

stage of evolution is a good measure of debris input rate. The CEM model is shown in Figure S

3.1c.

It is expected that there would be very low debris input in stable, Stage I reaches, where tw ss

failure of the bank is absent or limited. A rapid rise in debris input rate might be expected in

Stage 2, reaches, where knickpoints are active, because although the channel has not yet begun

to adjust laterally, large trees on the incised channel banks produce surcharging which could

result in local bank failures. It is expected that there would be the highest debris input rates in

Stage 3 reaches due to widesprc Ad mass failure of the banks following degradation. Finally, in •

Stage 4 reaches, where bank erosion rates decline and in Stage 5 reaches, where bank erosion

ceases, debris input rate and, therefore, in-channel debris volumes would also be expected to

decline. Debris will also become buried due to the increasing rate of alluvial deposition in 0

Stage 4 and 5 reaches. For the same reasons a similar distribution would also be expected for

the frequency ofjams in each reach

Averaging the volume and frequency data for the survey reaches found in each stag'! produces

the distribution of values shown in Table 5.1 (values are weighted according to the length of

channel in each stage). It is evident that the trends through the values closely match those

described above. The CEM categories, therefore, appear to be a better indicator of the relative
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magnitudes of debris volume and jam frequency found in various channel reaches. The

perceniage differences shown in Tible 5.1 are relative to 'equilibrium', Stage I reaches.

Outer bank erosion in active meanders was fbund to be the dominant mechanism for debris

input. It might, therefore be assumed that channel sinuosity would be a good predictor of

debris volume and the number of debris jams per unit reach len6: h. In fact regression analysis

of channel sinuosity against average volume of debris and average number of jams for all

reaches surveyed produced r2 values of only 0.05 and 0.02 respectively, when power functions

were fitted. These coefficients of determination are not statistically significant.

While the trend of the functions is as E,-xpected, with more debris and a greater number of jams

per unit reach length as sinuosity increases, the weakness of the relationships means that they

have no predictive value. The explanation probably lies in the fact that a high sinuosity does

not necessarily imply active meandering (ie where the channel has a sinuous planform which

actively adjusts through outer bank erosion and point bar deposition). Active channel migration

is difficult to quantify and requires knowledge of other parameters such as available stream

power and bank material properties, or observation of channel planform change over time.

* There are insufficient data available at present to incorporate a reliable active meandering 0

factor into the analysis.

Table 5.1 : Channel Evolution Model Stage as a measure of In-channel Debris Volume
* and Freq uency of Debris Jams _

CEM no. of reaches reach length ý'ol. of debris: av. per % difterence no. of jams: av. per % difference
S Stage sur'cyd surveyed (m) 100m sub-reach (m3) from Stage I 100m sub-reach from Stage I

3 16000 5.4 - 0.22 -

2 5 17000 6.1 1. 13 0.48 +118
3 4 2200(0 9.1 4-09 0.41 1-86
4 3 13000 6.7 +24 0.38 +72
5 ' 2 12000 0.8 -85 0.12 -45

_5.3 Impact of LWD n Channel Processes

The impact of debris jams upon local scour and sedimentation processes has been analysed in

stable, gravel-bed rivers (Abbe and Montgomery, 1996) but has not been studied in unstable

sand bed rivers. Two important questions that need to be answered in the case of unstable,

sand-bed rivers, are whether debris jams cause net scour or net sediment retention arid whether

there are any spatial trends in these processes. Answering these questions will enable river

restWvation programs to determine whether or not debris is of benefit to incising sand-bed

r. ,s, in terms of aiding stabilisation and sediment retention ,and enhancing aquatic habitat.
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Geomorphic field reconnaissance in the current research and in previous studies (Wallerstein

and Thorne, 1994) indicates that the ratio of key debris length to average channel width and,

therefore to some extent watershed area (using hydraulic geometry principles), is a good

indicator of the impact that a jam will have upon flow field and hence channel morphology and

sedimentation processes. A debris classification scheme, modified from a pool formation model

(Robinson and Beschta, 1990) has been used to describe the observed impact of debris jams

when moving downstream through the watershed network. This classification scheme is

outlined in Figure 5.2a. Plate 3 shows an example of an underflow type jam on Worsham

Creek (watershed area 10.3 kin2); Plate 4 shows an example of a Dam type jam on Lick Creek 0

(watershed area 22 km'2); Plate 5 shows an example of a Deflector type jam on Fanregusha

Creek (watershed area 46 km2); and plate 6 shows an example of a Flow Parallel type jam on

Harland Creek (watershed area 69 km2). The cbserved frequency distribution of jam type for
each reach is shown in Table 5.2. Watershed area for each reach is also shown to demonstrate

the spatial trend in jam type.

It is evident that the jam type encountered with increasing watershed area matches to a

* reasonable degree, the distribution outlined in the simple schematic model in Figure 5.2a. 0 -

Anomalies in the distribution in Table 5.2 can, for the most part, be explained by variations in

local channel stability which affect channel dimensions and distort simple hydraulic geometry

relationships. For the simple spatial model to be a good predictor of jam type it must,

therefore, incorporate other predictive variables. A channel stability factor is necessary to

account for unstable channel geometries that cannot be predicted by stable hydraulic geometry

relationships. A further factor is also necessary to account for the degree of active channel

* migration. These factors are to be studied in future research. t

Given that there is a weak spatial trend in jam type with distance downstream in the watershed,

it is also reasonable to hypothesise that local scour and sediment retention at debris jams is also

* spatially predictable. Sediment retention and local scour caused by debris jams, averaged over

a I 00m channel length, are plotted against watershed area in Figure 5. lb.

The trends in Figure 5. l b are best described by quadratic regression relationships. These trends

arc statistically significant using one-tailed Pearson Product Moment tests, at the 0.05

confidence level. No statistically significant trends were found when stream power was

correlated with sediment retention and scour.

The trends in Figure 5. lb can be explained because they mirror the impact of cacti debris jam

classification type. Underflow jams, in small watersheds, interfere very little with the flow and, 0



L AN

therefore, do not have a high scour and sediment retention potential. Dam type jams, found

further downstream, cause large volumes of sediment to be stored in backwaters, but also

cause plunge pool scour. Downstream from Dam type jams, at Deflector jams, sediment is

stored in the lee of jams as bar deposits, but the .iams also cause flow to impinge on one or

both banks, resulting in scour and bank collapse. Further downstream still, Flow-Parallel debris

block the flow much less, so that energy dissipation, sediment retention and scour, are less

effective.

The net impact of debris jams on the sediment budget in each reach, calculated as volume

stored minus volume scoured, is shown in Table 5.2. These data were plotted against

watershed area to determine whether there were any spatial trends between these variables.

No, statistically significant relationship were found. It is important to note, however, that the

data indicate that the balance between sediment scour and sediment retention caused by debris

jams favors of net sedimentation. Thirteen of the channel reaches have a positive budget, one

has a zero budget and only two have negative sediment storage budgets.

5.4 Jam Stability Through Time * 0

Comparison of survey results between summer 1995 and summer 1996 shows there to be little

change in the number and position of debris jams present in each reach. A total of 99 jams

were surveyed, in 17 of the 23 reaches established in 1995. The six other reacl-es, all of which

had agricultural riparian zones, were found to contain no significant debris accumulations. By

summer 1996, 4 jams had been destroyed, of which one had been buried by sediment in a stage

4 reach, one had been manually removed for unknown reasons, and two had been broken up

and tran3ported downstream by the flow. Six new jams were identified in the survey of 1996,

two of which were new beaver dams, while the other four were rbund to have firmed by input

of 'key' debris elements due to bank mass failure

II
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Table 5.2 : Debris Jam Classification related to Watershed Area

Creek Watershed l)ebris Jaxu Classification (inumber of01 rrwnces) Net sclimcnt balawce
area ,km) Undertlow Dan l)elcctor P'arallel av. vol. I) r 100mm. _ 0

Nolchoc 9.5 4 2 4 0 11.1
Worsham West 10.3 0 11 2 0 11.7

Lee 19.4 1 1 0 0 -0.5
Pcrry 20,9 4 3 0 0 2.9
Lick 22 0 0 1 0 10.7

Hickahala 23 0 2 1 0 6.2 0
Burney Branch 25 0 0 I 0 -1,9

Long 28 0 4 3 5 0.0
Sykes 31 0 1 4 2 8.1

Fannegusha 46 0 1 2 ) 7.4
Abiaca 3 68 0 4 3 ) 12.2
Harland 1 69 0 1 1 6 28.1 0
Otoucalofa 106 0 0 0 9 -1.8

Coila 108 2 0 0 5 28.4
Abiaca 4 113.9 0 0 0 2 17,3

Harland 23 129.5 0 0 0 7 1.2
Abiaca 6 256.4 0 0 0 2 3.6

4 o

0
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Figure 5.1a: Volume of Debris as a function of Stream Power
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Figurc5.1b: Volume of Sediment Stored and Scoured as a function of Watershed Area
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Figure 4.2 Debris Jam Classification Model
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Plate I Debris input due to mass wasting of the bank on Harland Creek

Plate 2 Beaver Dam located in the sill of a Low Drop Graide Control Structure oil•

Worsham Creek

4.11

S2n
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Piate 3 Underfiow Jam on Worsham Creek: watershed area 10.3 km2

::k

Z!,zI

_ ~Plate 4 Dam Jam on Lick Creek: watershed area 22 kin'
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Plate 5 Deflector Jani on Fannegusha Creek: watershed area 46 km2
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* i Plate 6 Flow Parallel Jam on Harland ('reek watershed area 69 km2  0

I
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5.5 DEBRIS JAM RESIDENCE TIMES: A THEORETICAL ANALYSIS

4 It is apparent from the preceding analysis of debris jam stability between 1994 and 1996 that,

despite the fact that many of the channels are highly unstable and that the discharge regime is

also very flashy, the majority of jams, have survived intack and remain at the location where

4 they were first surveyed. It should be noted that several storm runoff events during the period

1993-94 in each of the three creeks exceeded the 2-year discharge values calculated by Watson

et. al. (1993). If these events are taken as representative of an average year in the region it

follows that debris jams are subjected tc greater than channel-foibming flows severa: time per

year and yet remain in place. This finding can be verified in a more analytical fashion by

examining the buoyancy and drag forces which act upon elements comprising a debris jam.

For a debris element to be lifted fi-om the bed and floated downstream the buoyant force acting

4 on the element must exceed the weight of the element.

The flotation force due to the pressure on the under surface of a submerged or partially

submerged body is given by:

Ff - p•,gLA (5.1)

where, Ft. - flotation force (N), pw = density of water (1000 kg/mi), g = gravitational constant

(9.81 M/s 2)I LA = volume of the body submerged in water.

The weight force resisting flotation is given by:

* W - p~gla (5.2)

where, W, - weight (N), p, = density of the body (kg/m3), la = total volume of the body (mi)

To bring a object to the point of floating, these forces must be balanced:

F•,-- Wt or

p,,gLA/p.la - 1 (5.3)

The density of wood varies greatly and values between 400 and 800 kg/mr are suggested by

Ashby & Jones (1980). The density of debris in a river will vary as a function of time and flow
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history -id as for example the wood becomes water-logged and then dries out. Hence, it is

difficult to ascribe a precise density to debris jams per 5q. For the purposes of this analysis a 0
value of 800 kg/mr iV; used on the assumption that the debris element has recently fallen into

the river and is, therefore, not waterlogged.

The volume of the debris element in a jam varies greatly with time, but of greatest importance

are the "key" debris pieces, which initiate the tbrmation of jams and are largely responsible for 0

their stability. An "average" large tree trunk in the region is of the order of 25m long with a

maximum diameter of I m yielding a volume of 25m 3, this of course ignores the volume (and

added density) of the root wad and of the smaller branches and leaves, For these paral-eters

the flow depth required to float the element is:

1000x9.8lxLA / 800x9.81x25 I I = 9810 x LA = 196,200

hence, LA = 20m3, and 20/plan area (25m 2) = 0.8m water depth.

This depth of flow is shallower than that occurring at all the creek sites at flow and so, in

* * theory, even quite large trees could be floated several times per year. However, the filed S

evidence evidently indicates that this does not occur actually that often. Factors reducing the

potential for tree floatation include, as already mentioned, increased wood density due to

water-logging, the great weight of the root wad, grounding of trees on shallows, and snagging

of the root wad and branches on the bank and other vegetation.

The second motivatinng force to consider is drag force on debris. Abbe and Montgomery

(1996) use an analytical formula for describing flow past a bridge pier as an analogue to

* produce first order approximations for the force acting on debris elements. This formula is

given as (see Chadwick & Morfett, 1986):

F]iý-- 0.5pC ,U 2A (5.4) 0

where, Fl - drag force, p,, = density of water (1000 kg/rm), CI) = drag coefficient, U = mean

incident flow velocity, A = submerged area of the obstruction, normal to the incident
flow.

Selection of a drag coefficient value is problematical. Petryk & Bosmajiti (1975) use (C) - 1,

for flow through flexible vegetation. Boundary conditions have the effect of increasing C,), as
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does the blockage ratio, Br, defined as the ratio of the width of the obstruction to the channel

width, and Gippet et al. (1992) suggest that the effect on CD becomes significant when Br >>

0.05. Conversely, surface roughness on the debris increases turbulence and thus reduces drag.

Abbe & Montgomery use an average value of CD = 1.55, as suggested by Rouse (1946), and

this value will be used in the following analysis.

If a debris element is to be moved, the drag force must exceed frictional resistance provided by

the immersed normal weight of the tree and contact with the channel bed. Interlocking betweem

debris elements also greatly increases the resisting forces,.

For the sake of simplicity the forces on a simple "key" debris element will be assessed, having a

length of 25m, diameter of Im, and average density of 800kg/mn'. Interlocking forces are not

examined due to the complexity of calculation, and the following analysis therefore provides a

"worst case" analysis of force balance.

The drag force is determined assuming that the element lies in the channel with long axis at

orthogonal to the flow, as has been found at most debris jam sites in the smaller creeks. Hence,

it presents an area of 25m 2 normal to the incident flow. It is worth noting that even if we

* consider trees in a larger creek which have been rotated parallel to the flow and have a root

wad normal to the incident flow, the area of this root wad will rarely exceed 25m 2 and, in any

case, it is unlikely that the entire root wad would be submerged, even during over-bank flows.

The assumptions made in this analysis should be tenable fbr large debris elements, whatever

their orientation to the flow may be. The drag force on such an element has been calculated

using mean flow velocity for the predicted 2-year discharge (Q2), (or bankfull discharge if Q2

is an out of bank flow), for each on the creek reaches, where data are available. The results are

presented in Table 5.3. 0

Frictional resisting forces can be approximated to:

SFr= W, tant• (5.5) 0

where, F, frictional resisting fbice (N) W% = submerged weight of the log (N), • angle of

.nternal fri, [on for the bed material (degrees).

The angle of internal friction for the bed material can be estimated from analysis presented in

civil engineering texts such as Ashby and Jones (1996). The submerged weight of the log,

based on the previous analysis of buoyancy force is however less than zero, making the
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estimation of a resisting force by this method impossible. It is beyond the limits of this study to

make a more in-depth analysis of force balance on LWD elements, however, from the 0

observation of debris jams over the three year study period it can be concluded that jams which

are initiated by large key debris elements, form semi permenant structures in the channel and

are therefore significant agents of local channel geomorphological genesis and change.

Table 5.3 Drag Force on Simple Debris Elements 0

Creek Mean flow velocity Drag Force (kN)
at bankfull flow (nm/s)"

Harland 1.19 27.55
Fannegusha 1.85 66.04
Abiaca 3 1.42 39.25 0
Abiaca 4 1.22 28.95
Coila 1.22 28.70
Abiaca 6 1.04 20.82
Nolchoc 1.98 75.92
Red Banks 1.77 60.46
Lcc 0.40 3.17 0
Hickaliala 1.66 53.62
Lower -otopha 1.25 30.45
Upper Holopha 0.95 17.63

, rcurn 1.82 044.46
Otoucalofa 1.84 65.42
Sarter 1.58 48.59 •
Perry 1.23 29.53
Sykes 0,87 14.72
East Worshain 1.69 55.27
Middle Worsham 1.56 46.96
West Worshain 1.85 06.10
James Wolf 1.52 44.47 0
Long 1 27 31 22
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6 LARGE WOODY DEBRIS MANAGEMENT PROGRAM (DMP)

The relationships between LWD and channel processes have been incorporated into a lWl)

Management Program (DMP). Version 2.0 of this program is included with this report on a

disk.

Version 2.0 is an updated version of the program to that included with the Project R&D 7258-

EN-09, submitted to the US Army Corps of Engineers, June 1995 (Wallerstein, 1995).

The program predicts the likely jam type in a given reach, determines its impact upon the

channel and outlines an appropriate management strategy. Inputs variables are those found to

be most critical in the analysis of LWD in the fluvial system and include channel width 0

(determined from a catchment area function), average riparian tree height, reach sediment type

and the riparian land-use type. The ratio of tree height to channel width is used to define the

debris jam type likely to be present, with the precise limits of each classification determined

from the empirical relationships. Sediment diameter is used to give an indication of the jam's

potential to induce backwater sedimentation or downstream bars. Debris jam types arc

classified using a scheme modified from Robinson & Beschta (1990), described in Wallerstein

& Thorne (1994). Jam types are divided into 1]nderflow, Dam, Deflector and Flow Parallel. 0

Program output takes the form of a text file which describes indicated likely jam-type and

offers advice on appropriate in-channel LWD management strategies for this situation. While

the management strategies are based solely on theoretical considerations, the program never- 0

the-less provides a framework for future model development as empirical relationships

between the variables are better characterised. A flow diagram of the computer program is

shown in tigure 6. I.

6.1 GIS Interface

The program has also been linked to a GIS (Geographical Information System) data input

system which was constructed by Peter Cheescman, a masters student at Nottingham •

University as part of this project (Cheesman, 1995). The work was carried out to demonstrate

the potential for using GIS as a platform for data input to expert systems designed to aid

engineers with river basin management.

The GIS was constructed in ARC INFO using data layers, supplied by the Wt'S Intergraph

data-base, for the Abiaca Creek watershed and provides both automatic data input for the

necessary variables and a platform for running the program. This walershed was selected
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because it contains four of the debris survey reaches being monitored in the current research.

The theoretical model could, therefore, be tested against the empirical data results from the

field studies, validated and further developed.

A full description of the CIS model construction is presented in Appendix A.

The GIS user interface for the DMP is also now available for use and can be obtained •

upon request from nick@geography.nottingham.ac~uk

The program runs on the UNIX version of ARC INFO and requires approximately 98 mb of

memory to install. 0

The GIS is composed of four layers: the drainage network; road network; landcover; and,

channel sediment type. There is also a terrain model which is used to calculate drainage basin
I 0

area. The system incorporates a menu driven interface used to display the data layers and

perform analyses. On-line help files are also included. The analysis is performed by simply

placing the cursor on the area of interest and clicking the mouse. The system then extracts the

relevant input data ftom the database for that location and passes them to an input file, The •

debris management program is then automatically activated and reads the input file, calculates

the results and produces an output text file. This file is then read back into the GIS and

displayed on the computer screen,

This management model is simple to operate and provides a framework for future development

as empirical relationships between variables are better characterised.

* 5

* 0

* 0
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Figure 6.1 LWD management program flow diagram
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6.2 Testing the Model

The model has been tested against the geomorphic data obtained for each reach in northern
4 0

Mississippi. In the test run channel width was determined using the linear regression function

obtalAed using the DEC data from Watson et. al. (1993). The formula for this function is:

y = 8.7X0 .3  S

where, y = mean channel width (m), and X = drainage basin area (kin2).

The r2 value is 0.34. This result is statistically 6ignificant at the 95% level.

The results of this test are displayed in table 6.1 and are compared with the distribution found

in the field data. No underflow type jams are predicted by the model. Nolehoc and Worsham

Creeks are predicted to have predominantly dam type jams. Ten creeks are predicted as having

deflector-type jams, while the largest five creeks are predicted to have flow-parallel jams. This

distribution is in reasonable agreement with the distribution found in the filed data, die

predominant jam type being predicted correctly for 11 of the 17 reaches.

The differences between predicted and observed jam types can, tbr the most part, be explained *
by variations in local channel stability, which affect channel dimensions, but are not accounted

for in the simple model. Nolehoc Creek, for example, has a large number of deflector type jams

rather than the expected underflow jams despite having the smallest drainage area and,

therefore, the narrowest predicted channel width. The reason for this anomaly probably lies in

the fact that Nolehoe Creek is highly unstable (stage 2 type reach in Schumm ct al.'s Channel

Evolution Model (CEM)) and is, therefore, deeply incised. Large trees close to the channel

edge are therefore prone to collapsing into the channel to surcharge, which results in mass

bank failure. Consequently, debris vertical angle (beta angle) is greater than zero, mnaking the

span of fallen trees I ss than they would otherwise be if the debris lay horizontally.

In Long Creek there is a disproportionate number of parallel type jams because much of the •

debris found in the reach is 'paleodebris': that is material reintroduced into the channel from

erosion of old alluvial deposits containing debris, which has broken down over time and is,

therefbre, found in great abundance in individual elements of short length.

Abiaca Creek, site 3 is predicted to have predominantly deflector-type jams, but actually has a

maiority of ddm type jams. The reason for this discrepancy is because channel width varies

considerably about the mean within the reach, with wide bend sections separated by much

shorter, narrower straight reaches which contain all the dam-type janis.
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Coila Creek, which has an even greater average width than Abiaca (3), contains two undertlow

type jams. These have formed because the channel reach has re-stabilised (CEM stage 5) and 0
the jams are located in a short, narrow reach which has been narrowed by berm formation.

It is evident, therefore, that for the model to yield improved predictions of jam type, it must

incorporate further predictive variables. A channel instability factor should be added to account

for the deviation of channel geometry from that predicted by the simple hydraulic geometry

relationship for stable conditions. Also, an additional factor is necessary to indicate the rate and

distribution of lateral channel migration.

Functions could also be included to predict the volume of debris and number of debris jams

likely to be found in a reach, using regression relationships derived from observations of debris

volume and number of jams per unit reach length as a function of drainage basin area.

Channel instability and lateral migration factors could also be used to predict the volume of

debris likely to be input to a reach by estimating the rate of bank retreat. The input rate should

be reflected in the storage volume and frequency of jams. An attempt is made in section 6.3.2

to incorporate reach debris volume and ..umber of jams per unit reach length as prediction

Iactors. 0 *
The model also attempts to predict, in a simple manner, the impact that debris jams have in

retaining sediment load, causing bed scout and generating bank erosion. This estimate is based

solely on the median sediment grain-size. The net sediment balance volumes (average sediment

stored at each jam minus average volume of sediment scout by each jam) for each reach (see

table 5.2), compared with predicted relative sedimentation potential in Table 6.1 show no

significant correlation. Hence predictive potential in the model is purely descriptive, making

comparison with field data rather tenuous. It may be concluded that reach grain-size alone is •

too simple a measure of jam sedimentation potential. A measure of the energy available to
tran•,n•rt the .ed imnt load, suih _a sr,., . power, n ..... c in-, ion w ,hl , .s....t ......... :. ,• .S. .......... ,,,l•,, ~ I 1Jt I , Iut,,~a tlu a tl with. SCutlttt ¢zi • ~tiCl I~iic

is likely to be a more successful predictor lEmupirical models of' flow dynamics and scoutr

around in-channel obstructions are more likely to give at least order of magnitude predictions

For scour and sedimentation potential at debris jams. The use of a such model is discussed in

section 6.3.3.

Sedimentation processes are also affected by the vertical ,ingle of the debris elements. if, flor

example, debris is steeply inclined more bedload is likely to pass through the jam than it' the

debris lies horizontally on the channel bed. This factuf could be accounted foir in Ihrther

developments of the model by incorporating a width-depth ratio factor which predicts 'true'
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debris length to cbannel width ratios and the percentage of channel cross-sectional area

blocked. An attempt is made to incorporate a beta angle factor in section 6.3. 1

Limitations to the model include the fact that jam-type prediction is very much dependent on

the width function selected and, therefore, the goodness of fit of the hydraulic geometry

relationship. To make the model more robust it may be necessary to include channel width aG a

variable input by the user, rather than as a factor predicted by spatial functions based on

upstream drainage area. Alternatively, it may be more realistic to make jam-type a function of

CEM stage, because this has strong control over channel geometry.

Table 6.1 Model Results

Creek Predicted Debris Jam Classification Jam Type Found in Field Sediment
chansnel Uforage
width (m) Underflow Dam Deflector Parallel Undrffim Dap otledor Parallel Potential

Nolchoe 13.7 4 4 2 4 0 high
Worshan West 14 + 0 1 1 2 0 low

I .xC I0's 4 0 0 1.v 0
1 arny 17.1 + 4 3 0 0 low

Lick" 174 + 0 0 1 0 low
I lickahal 17. 7 4 0 2 1 0 low
130111V brunch 19.3 4 0 0 1 0 low
L.ong X8.8 + 0 4 3 5 how
Sykes 19.3 A 0 1 4 2 low 0
I'anelliuhil 2 I o + 0 1 2 0 how

AtNaca 3 24.2 1 0 4 3 low
I Im'land 1 24.3 0 I l 6 low
)loucaloflI 27.5 4- 0 ( 0 9 moderatc

Coiha 27.o 4 2 0 0 5 modnratc
Abiaca I 28.1 1 ) 0 0 0 2 madeilc 0
] larland 23 29).2 (1 0 0 0 7 ILoderdL...
Abiuwa 0, .5.8 1 2 111odekate

6.3 Revisions to the Model S

The results of the tests described above indicate that the initial theoretical model is currently

limited as a practical predictive tool, but has the potential fbr improvement in predicting debris

jam type and associated channel geomnorphology if additional factors are incorporated.

Improvements to the model, outlined below, utilise further theoretical concepts and empirical 0

results from the field data results.

6.3.1 Debris Beta Angle

I was noted in section 6,2 that if the beta angle of key debris was much greater than z'ro

degrees (debris lying horizontal on the channel bed) the jam type might not be predicted

correctly (such as in the case of Nolehoe Creek). Beta angle will also affect the extent to which

floating debris is trapped by the jam, the flow field and, therefore, scour and sedimentation
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processes. Beta angle can be predicted by assuming that key debris elements stand close to the

channel bank before they fall in and then topple forward into the channel, forming the
0

hypotenuse of a right-angle tri, tgle with, bank height, and the actual width spanned by the

element being the other two sides. A better prediction of jam classification (channel width to

tree height ratio) can then be determined using:
S

-, (Vr - W) (6.1l)

where, w = actual bottom width spanned by debris (m), T = tree height (in) and B = bank

height (m).

This fbrmula can be directly incorporated into the model to improve predictions debris jam-

type. Correlation between beta angle, scour and sedimentation volumes for each reach could in

theory be used to improve prediction of jam impact on sediment processes. No statistical

correlation between beta angle and either the retained sediment volume or the scour volume

was found, however, and it is therefore not meaningful to add any iJationship between these

factors to the model. 0

6.3.2 Prediction of Debris Volume and Number of Jams

Prediction of the average number of debris jams and average volume of debris in a reach would

be beneficial in directing LWD management activities to those reaches where debris build up is

significant. The conceptual relationships between these parameters and drainage basin area and

unit stream power were outlined in Chapter 5 Analysis of the field data revealed statistically

insignificant, correlations for all these relationships, except stream power and debris volume. It

must be concluded that debris volumes and number of jams per unit reach length cannot be

accurately predicted using simple regression formule.

I&I.t. I g U•"t, , , LI~Uly Ul lU.I ••IlaI.-in l sinuo lsty ar pl• aUldy b llly l )ip L UI til,..lsl oI.1 udeulis VoIUluie

and the occurrence of jams because these factors to a great extent determine the rate of debris •

input. Examination of the distribution of average debris volumes lor each stage of the Channvl

Evolution Model is discussed in chapter 5 and summarised in Table 5. 1.These values can be

included in the model to improve prediction of the magnitude of debris build-up relative to that

found in stable reaches. Reach stability has been added to the model as a further input variable.

The user must, therefore, be familiar with the Channel Evolution i 'odd in order to make an

assessment of the reach in question based upon width/depth ratios, bank stability and depth of
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sediment in the channel bed. Stability can also be inferred using the model itself on the basis of

the average width/depth ratios which characterise reach type (see width/depth ratios in table

3. 1). This classification is not straight forward, however, as ranges of width/depth ratio

associated with particular CEM stages overlap and the model must be given a further

parameter, such as depth of sediment in the channel or average bank angle to allow it to

discriminate between evolution stages. •

6.3.3 Prediction of Scour and Sedimentation Processes

When the initial, conceptual model was developed there was no literature base that dealt

specifically with scour and sedimentation processes around LWD. The simple approach

adopted in the model for estimating the extent of scour and sedimentation processes proved to

be rather inadequate because of the lack of an empirical basis.

Recent research by Abbe and Montgomery (1996) partially addresses this issue by attempting

to predict channel scour associated with jams based upon experimental and observational

studies of scour around bridge piers and abutments. According to Raudkivi (1990), scour

processes can be divided into:

I) General scour which occurs due to increasing discharge or slope, irrespective of an; S *
2) Constriction scour, which occurs due to a reduction in channel cross-sectional area,

and;

3) Local scour, which occurs due to an obstructions direct effect on the flow field.

Abbe and Montgomery approximate local scour around debris in a large river using a model

developed by Liu et al. (1961) which predicts clear water scour around an abutment:

h LhJ

where, di, 1. depth of local scour (m), h - flow depth (m), La = abutment length (in), Fr U /

(gh)' 5, and U - mean flow velocity (mn/s-).

Constriction scour is approximated using an empirical model presented by Laursen (1963):

7(6.3)
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wh. d,, depth of constriction scour (m), = bed shear stress (N/m2), Tý = critical bed
_ I shear stress (N/m2), wbl - unobstructed flow width (in), and wb2 = constricted flow

width (m).

* .•7Total scour depth due to an obstruction is calculated by Abbe and Montgomery as the sum of

scour values from equations 6,2 and 6.3.

It was found that the values predicted by these equations significantly overestimated scour

depths in the study reach (Queets River, Washington State) of an annoured, gravel-bed river.

Experimental work by Raudkivi and Ettema (1973) showed that scour depths were greatly

influenced by sediment sorting and Raudkivi (1990) presents a graphical method for adjusting

scour prediction that predicts adjusted scour depths as a function of the standard deviation of

the reach-averaged sediment grain size. When this adjustment factor was applied to Queets

River data, the total estimated scour was found to be within 3% to 17% of pool depths

observed in the study reach. These two equations were incorporated into an updated version of

the model because they appear to provide reasonable approximations for prediction of scour

depths at debris jams. Given the type of debris accumulations studied in the Queets River,

equations ,.2 and 6.3 are probably best suited to describing scour conditions arounid flow

parallel and deflector-type jams, where the channel width is considerably greater than the

obstruction width. Following the successful use of these models by Abbe and Montgomery,

~ ."• other scour models were explored to attempt to approximate scour conditions at darn and

,underflow type jams.

If the jam type encountered in a reach is e'i the 'dam' type and fully blocks the channel width,

constriction and local scour are unlikely to be significant. Instead, scout may occur

"downstream of the jam due to a jet of water plunging over the dam 'weir'. Raudkivi (1990)

C4; disc-ss s--veral thods for pircdtc g plunging jet scour from free over'-ow, :lp buckets

A and similar hydraulic structures. The equation developed by Mason and Aruumugam (1985)

(see Raudkivi, 1990) should be appropriate for approximating plunge scour at a dam-type jam,

-.M however, because it satisfies Froude- law scaling. The model is expressed as

FF 0. i 0ý O

S.--2 i , (6O4)
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where, D1 flow plus scour depth (m), q - unit discharge in the jet (m/sl/m), H head

difference between reservoir crest and tailwater surface (in), h = tailwater depth (m), g

gravitational constant (9.81 m/s2), and d = mean grain size (m).

Scour at underflow jams is rather more difficult to predict as the jam will only impinge on the

flow above a certain flow stage, depending upon the height of the debris element above the bed

(this need not necessarily be bank top height). A formula is proposed by Shalash (1959), (in

Raudkivi (1990)), to determine the scour caused by an underflow jet, but this model assumes

that there is a solid horizontal apron on the channel bed which extends downstream of the

4 obstruction by a minimum of 1.5 times the approach flow depth. The model is, therefore, not

applicable to channels with erodible beds. Scour at underflow jams cannot be adequately

represented by empirical formula that have been developed to date, and it remains for future

studies to model this phenomenon.
Estimation of the volume of sediment stored by a debris jam is a more complex problem, and

no research has been found which attempts to model local distribution and volumes of

sediment storage in alluvial channels. Sediment is stored at two distinct locations around debris

4 jams. The first storage zone is in the zone of low shear stress downstream of the obstruction 4

where streamlines are separated. The second storage zone is upstream of jams, but is only

significant if the jam blocks a sufficient percentage of the channel cross-section to cause a

backwater effect. Sedimentation in this backwater zone is similar to that in a reservoir.

Reservoir sedimentation has been found to be dependent upon sediment size and grading, size

and shape of the reservoir, inflow and outflow rates, and type and location of the outflow. The

formation of delta, in reservoirs, let alone in local channel reaches is difficlat to model and has

mostly been dealt within a qualitative mariner, although a few analytical models have been 6
attempted (See ,, r- 1 !97) t,-,, . • o,,.,t,, .(.1. n a at jX., "'• .... F",,,

_FI I ,~ &LSI - ýSIV %IA~ _U -I~±&~ -. 1- on. at UI~

therefore, a complvx problem and it is beyond the scope of this thesis to develop analytical

models to adequately describe it. 4

6.3.4 Refining the Model

The following revisions were made tc the model in the light of the preceding analysis and

discussion.

Wvidth Input

Average channel width may now be erntered into the mode! using, one of tlur:e methods. ; t]k

first option is to use the hydraulic geometry function derived by Schumm ct al. (1984) !ir
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channels in northern Mississippi. The second option is to enter a user-defined hydraulic

geometry function of a simple power form (Y = aXb). The third option is to enter an observed

value for the width directly.

e Debris Length

Equation 6. i is used in the modified model to determine the effective debris length in the

charnel, if the jam type is determined to be other than the underflow type. This calculation

requires a channiel depth value which, like the channel width, may be entered into the model

using any one of the three options described above. The hydraulic geometry lbuction defined

by Schumm et al, (1984) for channel depth in quasi-equilibrium reaches in northern Mississippi

is:

Average depth (feet) = 12.27 drainage area00' (6.5)

o Debris Volume and Jam Frequency

O Reach stability, defined by the Channel Evolution Model (Schumm et al., 1984), is used to

predict the approximate volume of debris and the approximate number of debris jams to be

found per l00m :ach (see table 5.1). The channel evolution stage may be entered directly by

the user, or the model can predict reach stage on the basis of the calculated width/depth ratio

and the mean depth of sediment on the channel bed. The width/depth ratio and sediment depth

ranges for e-.ch stage, which are incorporated into the model, are taken from the field data

analysis presented in table 3. 1. The sediment thickness variable is entered by the user and must

be based on field measurement or estimation.

e Scoar Prediction: deflector and flow-para!!e! jam

For deflector and flow parallel jams maximum local and constriction scour is pi edicted using

equations 6 2 and 6.3. Total scour is calculatcd as the sum of these figures. Mean flow

velocity, required to calculate the Froude number in equation 6.2, is determined using the 'law

of the wall' equation for turbulent flow (see Chow, 1935, pg. 201):

I d
v- - In k --- (6.6)v. k d•

0



4l 0

where, v time averaged velocity at elevation d above the bed (m/s-1 ), v. = shear velocity =

(gds)"o (m/s"), g = gravitational constant (9.81 m/s-2), s = bed slope, k = von Karman

constant = 0.4, and do = boundary roughness height = 30/D 65 (approx.) (in).

The depth value, d, is multiplied by 0.4 in equation 6.6 to obtain v, the mean depth- averaged

velocity. D,5 is substituted by D5o in the model to reduce the data input required by the user.

La is taken as the effective debris length in the model if the jam type is dam or deflector and as

avera;ge root wad diameter if the jam type is flow parallel. Scour is not calculated if the jam

type is underflow, because the model is only applicable to obstructions resting on the channel

bed.

In equation 6.3, the critical bed shear stress (T,) is determined using the following formula,

suggested by Pitlick (1992):

4 T. = 0 (p. - Pw) g D15  (6.7)

where, 0 = critical Shields Parameter value (approx. 0.05), p., = density of sediment, taken to

* be approx. 2650 kg/mi, and PW = density of water = 1000 kg/mn. •

Bed shear stress (T.) for the flow depth being modelled is calculated as:

T,, -- p w g R S (6.8)

where, R - hydraulic radius --- (A/P) (m), A - mean channel cross-sectional area (w x d) (m),

and P n- wetted perimeter -- (2 x d + w) (m)
' The obstructed flow witcih is calculated as channel width minus eftective debris length if the

Jamn type is deflecitrn, and 11,; channel with minus, root vaad damIeter if the Jan, .y is ,,

parallel. If the jam type is underflow constriction scour is not calculated because the model was

(A developed only for obstructions resting on the channel bed. •

It is left to the user to adjust pool scour and constriction scour values using the method

suggested by Raudkivi (1990., pg. 251) if bed arniouring processes are thought to be

significant.

e Scour Prediction: Darn-type jams

F,)r darn type jams, scour depth is calculated using equation 6 4. t iii discharge is calculated as

V x flow depth. H, the head difference across the darn, is take, to be approximately equal to
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the jam height minus tailwater depth. Jam height is simply taken as diameter of the key debris

element. The modified model, thercfore, requires the input of mean tree trunk diameter. The

tailwater depth (h) is very difficult to estimate and is set somewhat arbitrarily in the model to

be 20% of the approach flow depth, giving 'worst case' scour conditions. The mean sediment

diameter (d.,) is replaced by d%0 in the model. Depth of scour is D (total flow and scour depth)

minus tailwater depth.

9 Scour Prediction: Underfiow-type Jam

For underflow type janms scour is not calculated owing to the difficulty in applying any of the

equations presented in the literature.
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7 HYDRAI IIIC SIGNIFICANCE OF IWD

A comprehensive investigation of the hydraulic effect of LWD in rivers has not to date been

documented, However, some studies have investigated the effect of LWD on channel roughness,

ruroffhydrographs, velocity distributions and the water surface profile.

7.1 Effect of LWD on channel roughness

The Manning's equation generates a resistance coefficient that represents all sources of roughness in

the channel. This equation is widely used by river engineers who select values of "n", fiom personal

experience, tables in Chow (1959) or photographs in Barnes (1967). The range of "n" factor in

normal channels is between 0.025 and 0. 15. For heavily congested streams less than 30m wide n

ranges from 0.075 to 0. 15. Irregular and rough reaches of large streams have values of "n'" from

0.035 to 0.10.

R IS 2 1.49 2 i
or t.= - IS 2 (7.1)I. V

where, n - Mannings roughness coetlicient, R ý- hydraulic radius (m), S energy slope, V - mean

velocity (nis"), 1.49 - conversion to fps units.

Rather than Using Manning's "n", tbe more theoretically based Darcy-Weisbach flow resistance

equation was used (Richards, 1982) which is expressed ass

f V2 - (7.2)

where, f- Darcy-Weisbach friction factor, R =r hydraulic radius (in), and S,:- energy slope

The efflect of LWD on flow resistance varies as a fiinction of relative flow depth or. Bevan et al.

(1979) found that when LWD is large in relation to flow depth the roughness coeflicient is

extremely high ( Manning's n ->I). As LWD becomes increasingly submerged it exeits less influence

on flow resistance. Shields and Smith (1992) mea~sured a large decrease in Darcv-Weisbach fiiction 0

fhctor as discharge increased, and also observed that friction factors, fbr cleared and uncleared

reaches converged at high in-bank flows. Indirect evidence to suppoir these findings is provided by

investigations of downstream hydraulic geometry which show that roughness generally decreases as
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[ 4 channel size increases (Wolman, 1955). Petryk and Bosmajian (1975) derived an equation to predict 6
Manning's "n" as a function of density of vegetation in the channel, hydraulic radius, Manning's "n"

due to boundary roughness and a vegetation drag coefficient.

" E dlAi (_.49 "3

t-- n~ gIk h)\' (7.3) 0

where, nt, = Manning's boundary roughness coefficient excluding the effect of vegetation, Cd - drag

coefficient for vegetation (assumed to be 1), Ai = projected area of the ith plant in the

streamwise direction (m2), A = cross-sectional area of flow (m 2 ), L -- length of" the channel

reach being considered (m), and P = (m),

In this fornula the expression CdvAi/AL represents the density of vegetation in the channel. Gippel

et. al. (1992) note that a problem with this tfomula lies in selecting a value for the drag coefficient,

Cd. Petryk and Bosmajian assumed a value of 1. but this strictly only applies to cylinders in infinite

flow. In streams, interfernce t-rom nearby obstructions and the eflfect of blockage on the drag * 0
coefficient must also be considered.

Manning's equation is, blowever, inapplicable in situations where there is a high degree of

obstruction in the channel, particularly where n > i. It was developed empirically to describe open

channel situations with fi,(Jy turbulent flow, where fiction is controlled prinrily by skin friction at

the channel boundary. The equation aftaehch; significanceA to t' e hydrauiic radius which may be

irrelevant if the channel is heavily choked with IWD.

Smith and Shields (1992) studied the effects of varying levels of LWD density on the physical

aquatic habitat of' South Fork Obion River, Tennesee, USA. Two secondary objectives in this

study were to develop i. d demonstrate a method for quantifying LWID iii a given reach and to

relate the quantity of ILWVD to reach hydraulics. An approach similar to that d by Petryk a:nd

Bosmajian (1975) was u ;cd to calculate the effect of LWWD on channel roughness. The LWD

density in a reach was cac dlated using the follnwing formula:

"A
I)A , A (I /, t F N,., (7.4)
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where, DA LWd density (m2), n = total number of LWD formations in the reach, Ai =area of the

ith debris formation in the plane perpendicular to flow (m2), A = reach mean flow cross- 0
sectional area (m2), L, = reach length (m), Ftj = formation type weighting factor for jth

fotrnation type, Nj.k = number of type j LWD formatioas in Kth width category, and F4 =

weighting factor based on LWD formation width category.

Appendix B presents the Smith & Shields (1992) survey form and shows how to calculate the 0

weighting factors,

In a channel reach where LWD plays a major role in flow resistance, total resistance can be

expressed as:

ft = fj, + t1 (7.5)

where, ft - total Darcy-Weisbach friction factor, ft, = boundary friction factor excluding IWD

effects, and f. = friction factor due to LWD.

Total head loss is the sum of a boundary fiiction loss and a LWD blockage loss, as follows:

[It,. - S4 1 Kd(7.6)
,S 2g

*

where, hl.= total head loss (m), S1 = slope of the encrgy gradient, and K4 = dimensionless loss

co(Oflcient (dependent upon LWD density).

The energy gradient (Sr;) can be calculated using a total fiction factor f-om the Darcy-Weisbach

equation:

S -8R (7.7)

Substituting this expression fbi Sh into equation 6 gives:

0 4 RK

A .7.8)

fherefore:

'5



IS

4RK, (7.9)

4L

The ratio Kd/L may be expressed in terms of the LWD density as:

4I / L = DA (7.10)

Smith and Shields calculated values fbr ii, using curves developed by Alam and Kennedy (1969),

hydraulic parameters determined from dye tracer tests in the LWD reaches (which provide direct

dischargc and velocity estimates (Richards 1982)), and the median bed grain size determined from

sieve analysis. Values for fd were then calculated using equations 7.3, 7.9 and 7. 10. They then

compared computed values of ft with values measured using dye tests.

4 The results of their study showed a reasonable positive correlation between the measured and S

computed friction factors. However, they recognised that considerable refinement and site-specific

adaptation may be required, and that the method does not account for local energy loss because of

bends or flow expansion and contraction at bridges, debris dams or riffles. The method does have a

sound theoretical basis, however, and could be usefilly employed in fut-ure research into the

hydraulis effect of LWD

4 7.2 Effect of LWD on velocity distribution

LWD clearly influences the direction and magnitude of flows currents within stream flow, but few

data have been documented in the literature. Swanson (1979) produced detailed maps of debris

• jams indicating flow orientation with directional arrows. Smith and Shields (1990) reported that the S

removal of LWD from a river 18-23ni wide 3.5 to 4.5 m deep produced mor%, uniform flow, with

"",p,.• ,y • f f LeOnflJS Ut UU A V Ly. T he ILJIa1 iinp4as Ui L' I

flow field and velocity distribution are not well established.

7.3 Effect of LWD on stageldischarge relationships, the hydrograph and flood frequency

LWD L often removed because it is believed that this will achieve a significant reduction in channel

• roughness which will produce a higher mean velocity and thereby increase in-bank channel flow '

capacity. There is some evidence to support this assumption. For example Smith and Shields

(1990) measured the mean velocity in two cleared reaches of a river to be 0.04 m/s and 0.34 mn/s

respectively. In an uncleared reach of the same river the mean velocity was 0,27 m/s. MacDonald



and Keller (1987) also found that there was a local increase in velocity by up to 250% as a result of

LWD removal and a decreased sinuosity of the low-flow thalweg. According to Gippel et al. (1992)

the Murray-Darling Basin Commission calculated a theoretical reduction in water level of 0.3-0.4 m

after the removal of approximately 2,00 snags per kilometre. However, later analysis of flow records

indicated a reduction of only 0.2 m. In theory, there should be a statistical reduction in the

magnitude and frequency of overbank flooding where debris is removed from a channel because of 0

the increased channel capacity. Bodron (1994), used a dynamic routing model to demonstrate

changes in both stage and duration of flood events before and after LWD removal, using Manning
"n" values calculated in the study by Smith and Shields at South Fork Obion River, west Tennessee.

Despite the fact that the increase in channel cross-sectional area due to LWD removal was ignored,

small reductions in flood height and duration were calculated based solely on the change in

Ma.ning's "n". Bodron also noted that flood stage would be reduced fiArther if sediment

accumulations at each jam site had been removed. However, according to Gippel e& al (1992) many

claims that this effect has been achieved lack any hard supporting evidence. Counterclaims a!so lack

supportive evidence, becaus, .l ohf difficulty of isolating the hydraulic eflfect of LWD removal. It is

even possible that [IWD removal might increase downstream flood peaks, because in the smoother 0

channel the flood wave is ess attenuated.

Gregory ct. al. (1985) fbund that LWD ponds water which results in an increase in water depth and

a decrease in velocity whtich, at low flows, intluences travel time significantly. At high flows, 0

however, the ponding effect of 1,WD is drowned out. Shields and Nunnally (1984) noted that

because large accumulations of LWD have a damming elIect on the flow which locally elevates the

base level they can be treated as geometric elements within the channel, rather than simply as

4 roughness elements, in backwater profile computations. 0

7.4 Modelling the hydraulic effect of LWD

Most studies of resistance to flow in rivers have concentrated on small-scale roughness, especially 0

skin fiiction oflfred by bed sediments, where the size of the rotL.ghness element is small compared to

the flow depth. LWD, on the other hand, represents a form of large-scale roughness for which skin

friction is small compared to form drag (Petryk and Bosmaiian, 1975). Flow conditions associated
with the presence of IWD in streams varies from sub-critical to super-critical depending on the

dimensions of the LWD and the depth of water.

Gippel et. al. (1992) used the momentum principle to determine the hydraulic efflect of IWD, the

4 effect being quantified in terms of afflux or backwater effect. If flow is subcritical (Froude number •
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1), then apart from local disturbance of the velociiy profile, LWD only has an influence in the 0
upstream direction. Quantifiying the backwater effects is problematical because of the practical ()

difficulties of directly measuring the afflux at debris jams. An alternative to direct measurement is

prediction on the basis of a known relationship between aftlux and more easily measured

parameters. Gippel et al. used the results of a laboratory hydraulic study to develop a method of

determining the afliux caused by LW) (see Figire 7, 1).

They propose the use of the following equation to calculate afflux

Iv (... . .. . ... . .<7.11l)
3

wheie, Ah =- aallu, ihI - h.1 (m), and the drag coefficient (Cp) is given by:

c',,(7,1.2)
• *l

where, I'D drag Ibrce (N), p - density of water (i000 kg/rn), 111 mean velocity at

section upstrecitn of object (in/s"), L. projected length of tWD in flow (In), d - diameter

of LWD (in)

and the Froude number (F) is defined by:

F, (-7.13)

where, U3 -mean veloci(y at section downstream of object (nis-'), h.-, water

depth downstream of' LWD (m) 0

and the blockage ratio (B) is given by:

B - L.d / A (7.14)

where, A W.h, - cross sectional area oftlow (nm')
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Figure 7.1 Definition sketch of LWD model by Gippel et al. (1992)
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Thus, the afflux depends on V, C,) and B The Iroude number can be calculated fi-om direct

measurement or ftom flow records. B can be ibund ironm a field survey. The remaining problem 0

centres on selecting an appropriate drag coefficient. The drag characteristics of a cylinder in infinite

flow are well known (Petiyk and Bosmajian, 1975). 1ess is known about drag on cylinders within

boundaries where the "blockage efcet" is significant and the drag coefficient is consequently 0

increased.

Gippcl et al. conducted experiments on LW[) models to detcrminc- drag fbrce, using a towing

carriage and water tunnel. Fro, n1umber, [WI) length to diameter ratio and WIWD depth ftom the
0

bed all alfected drag coeflicient, but were much less important than the blockage effect, angle of

orientation to the flow and the shielding effret (of one piece of LWD behind another). A suitable

drag coefficient (C',)) fbr the LWD in question can be selected firom their experimental results

(( ippel et. al 1992, figures 3.8 or 3.12) on the basis of its overall shape and angle of orientation.

The drav coefficient should then be adjusted for the blockage effect, which can be calculated using

the fbilowing equation developed by Gippel et. AI. using their empirical data from flume studies:

0

C,•=( 1 (I -B)-' (7.15)

where, CI) --- adjusted drag coefficient, and C',< - drag coefficient in infinite flow.
9
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These data are then substituted into equation 7. 11 to calculate the afflux. 0
Predicted and measured afflux values resulting from the flume study were very closely correlated,

and they conclude that the flume conditions did not seriously violate any of the assumptions in

equation 7.11. 'The pioposed method of aftlux estimation was then applied to data collected from

the Thomson River, Victoria and revealed that de-snagging there would produce a reduction in

stage of only 0 01 inl at bankfull flow. Appendix C presents the method for predicting flow aftlux due 0

to LWD, developed by Gippel et a], (1)92).

In conclusion this method of backwater or arflux calculation due to individual items of LWD could

be used as a tool to help determine whether the afflux reduction due to LWD removal would have a

significant, positive impact according to the perceived management requirements or whether LWD

could be left in place perhaps, re-orientated, lopped oi even re-introduced where sympathetic

rehabilitation management is desirable, without significant effect on high in-bank stages.
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8 IMPACT OF' LWD AT BRIDGES

8.1 Introduction 0

In an investigation of bridge scour research needs, Jones et. al. (1991) cited the affect of

debris on pier scour depths as a subject of pressing concern that required model studies and

field observations to characterise debris build-up. Doheny (1993) observed scour conditions at

876 ',ighway bridges in Maryland and, amongst other relationships, found that bridges in

forested, urban and pasture basins were more prone to blockage than those in basins with row

crops or swamp. Diehl & Bryan (1993) assessed potential debris volumes that could be

transported to bridge sites in the West Harpeth River basin, Tennessee and found bank

instability to be the channel characteristic most useful in identifying channel reaches with high

potential for production of LWD. Instability through channel migration and mass failure or

fluvial erosion can be detected on maps and aerial photographs (Diehl & Bryan, 1993). A study

by Parola, Fenske & Hagerty was initiated to investigated the basin-wide impact of the 1993

Mississippi River Basin flooding on damage to the highway infrastructure. Structural geometry

information, as well as hydraulic information, was collected at two sites where bridges had
collapsed at least partly as a result of debris loading and was noted to be a contributing factor

in the lateral load and scour of many bridges. Plate 7 shows the Missouri 113 bridge over

Florida Creek, where floating debris was a key factor in its collapse.

Plate 7 : Bridge 113 over Florida Creek, Skidmore Missouri. Failure due to debris

loading. Source: Parola, Fenske & llagerty (1994).
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14-1 ~~~~7.2 Methods for Managing FloatingDersaBids

0111y one paper has been found th~at directly addresses debris management at bridges. Saunders

& Oppenheimer (1993) believe that conventionfal methods of protecting piers from floating

debris are inadequate. 1 he" comment that the use of pilings, or some other barrier upstreamn of
a bridge, cýan actually ex... crite the problem because the debris accumulated may all be

releasea at one time in the form of a raft which cannot be pass under the bridge. They describe

a novel deflector, a lur~ate shaped hydrofoil which generates counter-rotating streamnwise

vortices ji, its wake, positioned, below the surface so that it is not impacted by debris upstr'2mm

Jf the pkiers and s;o that the "ortices migrate to the surface ahead of the pier.

The ptin-jipc is that the near suiface flowi induced by the vortices deflects debris saifely around

thc- pier. Figure 8. I shows the 'hydrofoil in, olevation and planform. The foil is mounted on aI tether or pylon at a depth, d, below iht; surface and a distance, Zo, upstream of the pier and is
inclined at an an, l e such that the fbrcL On the foil is downwards and the reaction on the water

eauses a local ciotion upwards iowards tihe surfiace. Afler interactinig with the vortex, debris is

deflected at thL angle., c, and is .1isplacev, sideways by a distance, D, by the time it reaches the

higy cncetraed or ditano o abut 0 tmesthespa ofthe hydrofoil, 1), when b

0.6xh 'depth of flow). The problem is characterised by a bridge pier width w and by the size of

f%, debrnis Aw.ve~g debris size is utilised with diamneter Dd and length I.., The vortex

produced 17 edevice has a c~haracteristic diameter, Dv, of order b (hydrofoil span). If Od >

Dv then the i ex will uni impart a net motion to the debris.. so they recommend a value of;ii b s hyasmtemjrt fdbi ilhv imtrls

an lr-p.- .th r~ il'sscaling will ensure that the vortex is positioned correctly with

epiito th ir ti is ugse htthc deicbe t-k'tlicA so thiat it can oscillate

trunsvei 'Oiet, : Ole flow, with III(, result thjai the vorti'ie;- will tond to destabilise any debris that.

,,*,ý t've accumirfulated ki,r zlmý fice of the *pic

I flruije tcýsts i.- hydrofor ni rep:rted to work very effeLctively and the device would appear to

if'fei a po s',ihk e approach to 1o' gi g 'r'aing d lebris at bridges. However, if the average

thre 'low, :nc still ,K~ely to h'! trapped arid the vortices might even turn flow parallel debris

thrior!<i UO degrioes po t niorve hiknly to bcc.nmc anunred between adjaccent piers.



Figure 8.1 Hydrofoil debris deflector
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8.3 DEBRIS AT BRIDGE PIER PREDICTION IhOGYRAM (DBP3)

A computer model has been developed to calculate the probability of debris build-up at bridge

k piers, and the associated debris induced scour, based upon modified thcoretical equations

published by Melville and Dongol (1992) and Simons and Li (1979). Version 2.0 of the model

4 (DBP3) is also included on the enclosed disk.

There are only a limited number of studies that have addressed the problem of debris

accumulations at bridges. Melville & Dongol (1992) look at the problem of pier scour due to

debris, while Simons & Li (see Callander, 1980) have used a probabilistic approach to quantify

the rate of bridge span blockage by debris and the subsequent backwater effect, pressure forces

generated on the piers.

Local scour at bridge piers has been extensively investigated. However the impact of debris
4 trails at piers which create additional flow obstruction and therefore increase scour depths has

beer, largely neglected. A design method for estimation of scour depths at piers is presented by

Melville and Sutherland (1988), based on envelope curves from laboratory data. The design

4 curve for pier scour without debris accumulations, developed by Melville and Sutherland is

described by the following two equations:

4 - I.87 Y < 2.6) (8.1)

__ = 2.4 • _> 2.6  
(8,2)

where, ds depth of scour (m), D =x bridge pier diameter(m), and Y - approach flow depth

(m)

These relationships are affected, however, by additional factors where clear-water -cour

conditions exist, the flow is relatively shallow, and the sediment size relatively coarse. In the

case of non-cylindrical ý,iers, additional rruitiplying factors are applied to account for piers

shape and alignment.
r Scour depth due to the pier is calculated in 1he program using the full design method presented

by Melville and Sutherland ( 1988) rather than the simplified version stated in equations 8. 1 arid

8.2. Total scour at a bridge pier is delined as.



0,•ds =k&kdkyk(Ik 8D (8,3)

where, ds total scour depth (m), k, = flow intensity factor, kd sediment size factor, ky

flow depth factor, k. = pier alignment factor, k. = pier shape factor, and D pier

diameter (m).

4 Flow intensity factor (k1)

k, --2.4[/(a e] -U -c

4Ull Uc 4)
_____________ U - (Ua --- ie)

k, = 2.4 if -(a c)> (8.5)

tic

4

where, U = mean approach flow velocity (ml/s'), Ua = mean approach velocity at the armour

peak (mr/s), and Uc = mean approach flow velocity at threshold condition (m/s").

0 4

11c = i, 5,751og(X. + 5.53u,, (8.6)

4 whei-r, Lt*. =- critical shear velocity (m/sl), y = total flow depth (m), d.0 = median particle

size (m).

* ,. -- v)gd, ] (8,7) 0

where, 0 = Shield's parameter/the critical shear stress (taken to be 0.05 in the

program), p.• = density of the sediment (taken as 2650 kg/m' in the program), p,

density of water (1000' .g/m'), and g gravitational acceleration (9.91 m/s"2)

S11: = U.8 [1,,.75 log +Yd , 5.5/ 3 , , if Ua •UQ (8.8)III

Ua Uc ifUa -> Uc
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where, ! critical shear velocity of armoured beu, calculated as per equation 8.7 using

d5o, rather than d50 (m/s"), dc0, = d50 size of the coarsest armour layer = d", / 1.8

m), and d,,, = mawimum particle size for a nonuniform sediment (m).

* Sediment size factor (kd)

4 (-((Ua - Uc)
iUc

kd =1.0 if D/d50 >25 (8.10)

= 0.57lcg12.24[Dd if Ddd5d <25 8.11)

if - (U~a -(Ic)
if (J - < 1 and ag < 1,3 (where n? = standard deviation of the grain sizetic

distribution = d 84 / d5()

Equations8. 10 and 8.11 are calculated using di0, (8.12)

SFlow depth factor (ky)

ky 1.0, if y/D > 2.6 (8.13)

k- 0.781j/DJ if y/D < 2.6 (8.14)

* Pier alignment factor (k,)

This is determined using figure 8.2,

9 Pier shape factor (k,)

Pier shape factors are presented in figure 8.3. The proram containt) a look-up table of pier

shape factor.

7.,
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Figure 8.2: Alignment Factor K, (after Melville & Sutherland, 1988)

Fr L/6 =15

ka 4

a 5 30 45 50

AJIYE OF ATUCK - 0 Mcgrer.

L- pier length; b = pier diameter,

Figure 8.3 Pier Shape Factors (after Melville & Sutherland, 1988)

Shape in plan Lcngth/ Tison Laurscn and Chabeit and Vciikatadri
* width (1940) Toch (1956) Engeldingcr (1965

(1956)
Circular 1.0' 1.0 1.0 1.0 ))
Lenticular 2.0 - 0.97 --

3.0 - 0.76 -

4.0 0.67 - 0.73 -

7,0 0.41 - -

Parabolic nose '- - 0.56
Traingular nose, 60" - 0.75
Triangular nose, 90" - - - 1,25
Elliptic 2,0 - 0.91 - -

3.0 0.83 - -

Ogival 4.0 - 0.92
t,+-,, ki 4... - 0.86

4.1 0.76
2.0 -1.11

Rwctangular 4.0 1,40 1.11
L _6.0_ -__ -.

Melville and Dongol (1992) present a method for determining total sceur due to a bridge pier

and floating debris raft, based upon flume model data. The experimental arrangemem used by

Melville and Dongol is shown in Figure 8.4. £

Tie trend in equation 8.1 was fOund to also; desc.ibe scour dtee to piers with dIetris

accumulations fbr values of Y/D : 4. At higher values of Y/D scour depths wcrca'sed again
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because the proport'ion of pier leiagth covered by debris decreased, For deep flows the effect of

debris becane insignificant and tended towards the value ds/D =2.4.

Analysis from the model produced the following equation for bridge scour affected by a debris

raft based upon an effective pier diameter (De):

iDe = d ' - (8.15)

where, T&d* - 0.52Td, I'd = debris raft depth (m), Dd = debris rait length parallel to the flow

(m),, Y - flow depth (m), anid D z pier diameter (m).

'I he factor 0.52 was determined by evaluating the limits of Td and Dd/D for the hypothetical

case where D is assumed to bo zero and the debris is assumned to extend to the base of the

scour hole.

D can therefore be substituted for De to calculate scour depth at piers with debris

accumulations using the Melville and Sutherland design method. Conversely a maximum

allowable Td and Dd can be calculated by specifying an upper scour depth within an acceptable •

factor of safiy fbr a given pier size.

Consideration of the likelihood of debris build-up is not addressed by Melville and Dongol

(1992) but they do note, however, that single cylindrical piers are the least likely shape to

accumulate debris, and that the free space between columns is seldom great enough to pass

debris. Prediction of the size of possible debris rafts accumulations remains the biggest problem

for accural c factor of safety calculations.

to
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) Figure 8.4 Experimental Set-up (after Mielville and Dongol, 1992)4
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Trees are assumed to be cylindrical, with a diameter Dt and a height Ht, The span between

piers is, Ls and the clearance between the water surface and the underside of the bridge is C.
S

The chance that a tree will be trapped depends on a larger diameter however, Db, which

represents either the canopy dimension or the root zone, whichever is greater (see figure 8.5).

If Ht > Ls the probability ol- at least one average tree being trapped is 100%. The blocked area

is then estimated to be, NHtDt, where N is the equivalent number of average trees assumed to •

be trapped against the upstream face of the bridge. If lit < Ls a probabilistic approach is used.

Pt is the probability of a tree being trapped and as the blockage beneath a span increases the

chance of other trees being trapped increases. The probability of the first tree being trapped is
assurned to be a ratio of half the tree diameter, Db, to the total wateiway wca beneath a span,

L..sC Hence:

-Ls 8 Ls(

where, PT1 = probability of the first tree becoming trapped, Db - canopy/root wad diameter 0

(m), Ls = distance between piers (m), C = distance between water surface and the

underside of the bridge (m), and 7' m 3.14.

Li (see Callander, 1980) observed that a tree caught on a ,nier will in general lie with its trunk

in the direction of flow. A tree thus trapped offejr•! an area ot

(KIW / 4)= 7r (8.17)
* 5

to bap fuiit de.. is.

In general when (rn-I) trees are trapped o,-,neath a span the probability ,f an mth tree becoming

* trapped (PTm) is:

7Cl )h' 8ittn -: I,.( (in- 1)(rl)h2- / 2- ) (8.18)

* •

The probability of passing all NI' trees firoin the watershed is:

S 0



(I-PT1)" (8.19)

The probability of at least one tree being trapped at a span(PI ) is:

PI = 1-(1-PTI)N (8.20)
4 0

where, N is the equivalent number of average trees arriving at the span. According to Li most

trees will stay close to the bank, thus:

N NT/2 (8.21)

The probability that m trees will be trapped (Pm) is:

Pm - [1-( I -PTm)LN'.<mIýl]P(m- 1) (8.22)

On this basis the probability of a least m trees being trapped (for any m < N) can be estimated. •

To calculate Td and Dd requires an estimate of the blockage area. It is assumed that debris

elements stack up and ihat trees overlap by Db/2. Thus for m trees trapped the percentage of

the waterway area which is blocked is:

%_Blockage_ 7 100% (8.23)
Ls(

4 0

4@
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Figure 8.5 Schematic diagram of debris accumulation at bridge piers

S- ... .. , y .> .,. - Flow

C7 Directio

8.3.2 Program Construiction and Input Variables

The program applies the Simons and Li probability model and then calculates the potential pier

scour due to the predicted debris mat size based on the blockage area and assuming all the

trees available in the reach upstream become trapped beneath a span.

Initially average (mid-height) tree trunk diameter (Dt), a maximum tree diameter (Db), (either •

root wad or canopy, whichever is the larger), and average tree height (fit) values are entered.

Next, the number of trees approaching the bridge span (NT) is entered. Although Sinions and

Li suggest using N - NT/2 n the probability calculations, the model assumes that all the trees

available in the upstream reach will pass through the span in question. However, the number of

spans (S) between piers (P) that are set in the channel will normally be S -1 1 1 (counting the

two spans between pier and river bank). It is therefore necessary, For an accurate assessment of

blockage potential and debris related scour, to calculate probabilities for each span individually,

perhaps using a simple division rule (N NT / S) tor N trees arriving at each span. It is left up

to the user to make the appropriate adtjustments ior each span. NT can either Le estimated in

the field and entered as a total potential tree supply or it can be estimated throughll calculation 4

of potenllial banTk Failure in the upstreamn reach T1"o calculate the latter estimate requires

knowledge of riparian tree density, the length of the reach in question and the potential bank

fihe wvidth. TVhe tailure width value can Ie detrmlined using an appropriate bank stability
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model such as BURBANK (developed under the DEC Monitoring Project). The potential

number of trees that will reach the span is then calculated as:.

NT = tree density x failure width x reach length x 2 (two banks) (8.24)

Finally, the bridge pier diameter (D), span between piers (Is) and avevage flow depth (Y)

values are entered.

Caluulations in the model then proceed as follows:

1) If tree height is less than the pier spacing the probability of the first tree becoming caught is •

calculated, followed by the probability of the next tree becoming caught, consecutively. This is

repeated for n trees up to NT.

In the calculation of trapping potential it is considered that, the use of the ratio of tree area to

the entire area under the span as suggested by Simons and Li, is somewhat inappropriate as

tree capture is dependent only upon the length of span and diameter of iree given that the

water level is constant. Deck elevation above the water (C) has, therefore, been substituted by

maximum tree diameter (Db) in this model. ,

2) if tree height is greater than span width it is assumed, as outlined in the Simons and Li

model, that at least one tree will become trapped and thus all subsequent trees arriving at the

span will also be caught.

3) The percentage of the channel cross-sectional area that is blocked if all the trees supplied to

the reach become trapped is calculated, as outlined in the theoretical model (see figulre 8.5)

for lit - Is. However if lit > Is, Dt is substituted for Db and the blockage area is calculated

* as:

square root x blockage area = blockage depth (assuming debris builds

up as a square) x tree height / span width x flow depth x 100 % (9.25)

This calculation assumes that for Ht - Is all trees will build up in a square rafi, when view

orthogonal to the flow, as oppose to parallel with the flow when lt - Is.

4) The hydrostatic pi essiire force on each pier per unit width is calculated as
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pressure force = buik weight of water x

blockage depth x I (unit width) x (blockage depth / 2). (8.26)

5) Dynamic pressure force on the pier is calculated using the following equation:

Fd ý- 0.5 P• U2 A Cl) /1000 (8.27) 0

where, Fd = Force on pier (kN), pw = density of water (1000 kg/m3), U = approach flow

velocity (m/s-'), A = frontal area of debris raft normal to the flow (m2), and Ci) = drag

coefficient of debris raft. A estimated value ofCl) = 1.5 is used in the program.

6) Bridge pier scour with the debris accumulation is then calculated using the Melville and

Dongol model. If Ht > Is the debris raft depth is taken as the square root of the blockage area

(assuming debris build-up is in a square). If Ht < Is, debris raft diameter is assumed to be Ht

because the debris is aligned parallel with the direction of flow. Factors (KI), (Ky), (Kd) and

(K.) are incorporated into the model. The program requires the following data to calculate

these factors: mean approach velocity for the design flood (U); median particle size (d5o); the •

largest particle size (d. 1x); standard deviation of the particle distribution (G) = d8/dd 0; pier

diameter (D); angle of flow attack; pier dimensions; and pier shape. The alignment factor, K1,

must be determined by the user using figure 8.2.

It should be noted that the formula developed by Melville and Dongol for calculating debris

related pier scour was only developed for floating debris accumulations. However, it is

considered that this formula can be extended to debris accumulations which have their base

resting on the channel bed, as the critical factor in the calculation method is an effective pier

diameter wxhich i,, in any vae ex~.tended' to the channelbe~d h~illi the -tato we thep d i

floating.

8.3.3 Testing the Model 0

The pier scour component of this model has been tested using field data collected fiom a

number of bridges in the survey reaches in northern Mississippi. Scour depths were measured

at each site (during low flow conditions) on piers which had significa,' debris accumulations.

Plate 8 shows debris build-up against the piers of a county road bridge over Fannegusha Creek.

The parameters required for tha model calculations were also collected. Bankfull discharge and

channel dimension values obtained from Watson et al. (1993) were used in the model to
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simulate critical conditions because accurate discharge measurements could not be made at the

time of the survey. Logistical constraints also prevented the calculation of realistic upstream

debris loadings that could arrive at each pier and so theie were represented by the dimensions

of the debris accumulations actually present at the time of survey. Table 8.1 shows a summary

of the surveyed scour values and the model results. Figure 8.6 shows a plot of these results.

The diagonal line in this plot represents a perfect match between the actual measured scour

depths and those predicted by the model. The graph shows how debris rafts increase scour by a

factor of 2 to 4. It is evident that the model significantly overestimates scour due to both the

pier and debris raft and slightly overestimates scour due to the pier alone. The predicted results

would, therefore, appear to be rather conservative, although this does create a good factor of

safety.

Thc discrepancy between measured and predicted values may be explained by the fact that

scour hole depths are much greater under bankfull flow conditions, than those at low flow

(when the measurements were made) due to general scour but are subsequently reduced as

flows recede owing to the deposition of the highly mobile sand and silt sediment load. To fully

validate the model it will therefore be necessary to undertake further fieldwork to measure the 0 0

necessary parameters, including scour depth values during bankfull flow conditions. The model

must also be validated using different channel environments such as armoured, gravel-bed

rivers.

"Table 8.1 Pier scour summary table _

Creek Predicted pier scour Predicted pier & Measured scour (m)

(M) debris scour (m)
Abiac, 3 1.33 1.44 0.3

Harland 1 1.32 1.55 0.48 •
Abiaca 6 0.83 2.46 0,61

Fannevmuha 0,72 3.12 0
sykes 0.72 4.31 1

Redbanks 1.28 2.98 0.5
Burney Branch 6.80 2.07 0.43 0
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Figure 8.6 Relationship between Measured and Predicted Pier Scour Depths
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*Scour caused by pier m scour caused by pier and debris

Plate 8 Debris build-up against the piers of a county road bridge over Fannegusha Creek



4W. 9 CONCLUSIONS

The following conclusions can be drawn from the data and results presented in this paper about 0

the impact of LWD in degrading, sand-bed, rivers:

* The main debris input mechanisms (outer bank erosion in bends and bank mass-wasting in

degrading reaches) are sl tially predictable processes which can be used to predict and map

the distribution of major debris sources in the watershed.

9 Stream power per unit bed area was found to be a statistically significant predictor of debris

volume. However, watershed area was found not to be a good predictor of debris volumes and
0

jam frequency, probably because the channels surveyed are undergoing degradational cycles

which disrupt simple hydraulic geometry relationships.

* Observed differenc..• in thT., volume of debris and frequency of jams in each Stage of the

Schumm (1984) Channel Evolution Model (CEM) can be explained by the suite of processes

which occur in the CEM evolution sequence.

* The conceptual jam classification model (Underflow, Dam, Deflector, Flow Parallel) shown

schematically _., Figure 5.2 has been found to predict with reasonable accuracy the observed

distribution of jam types encountered when moving downstream through the drainage network,

despite distortion of the simple underlying relationship in the model (ratio of average channel

width to 'key' debris length) by channel evolution processes.

* Jam-induced sedimentation and scour values have been found to have stawistically significant

trends when correlated with watershed area. These trends can be explained because they

correspond to the changing flow processes and consequent scour and sedimentati on patterns,

induced by each jam type encountered through the watershed. Undefllow Jams, in small

watersheds, interfere very little with the flow and therefore do not have a high scour and

sediment retention potential. Dam type jams, found further downstream, cause large volumes

01 •¢uIWil lito be10 orcu in oacKwaters, but also cause plunge pool scour. Downstream from

Dam type jams at Deflect ; jams. sediment is stored in the lee of jams as bar deposits, but the
jams also cause flow to impinge on one or both banks, resulting in localised scour and bank

collapse. Further downstream still, Flow-Parallel debris block the flow niuch less so that

4 energy dissipation and, therefore, sediment retention and scour are less significant.

* The net sediment balance results shown in Table 5.2 support the arguments that debris helps

to accelerate sedimentation processes in these highly unstable channels and that jams may even

act as temporary grade control structures. LWD therefore accelerates channel equilibrating
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processes in stages 4 and 5 of the Schumm et at. (1984) Channel Evolution Model. Jams

should not, therefore, be removed unless they threaten structures and addition of LWD is

recommended to aid sediment retention and improve aquatic habitat in debris-starved

degrading reaches.

Meaningful conclusions concerning short-term jam stability can only be made when the

* survey data is compared with corresponding discharge data for the one year interval, which

will show the magnitude and frequency of events that the jams were able to survive. The

relevant data are not available, as yet, to permit this analysis. Given the warm, humid climate,

and highiy erodible nature of these channels it is likely, however, that jams are more transient

features in North Mississippi than, for example, in the Pacific North West because debris will

decompose more quickly and become bypassed by bank erosion and bed scour. A long-term

monitoring programme is required, however, to verify this assertion.

* Four LWD analysis models are presented in this work w.hich have been tested and verified

using field data and are recommended for channel design and management. They are:

* * 1) The Shields & Smith (1992) LWD flow resistance model.

This model predicts Darcy-Weisbach friction factor due to LWD jam accumulations. It has a

sound theoretical basis and has shown a reasonable correlation between measured and

computed friction factors.

2) The Gippel et al. (1992) LWD induced flow afflux model.

This analysis method has been developed from flume experiments and theoretical hydraulic

* considerations. The analysis method is presented in a manual format in Appendix C. This

method of backwater or afllux calculation due to individual items of LWD can be used as a tool to

help determine whether the aftlux reduction due to LWD removal would have a significant, positive

• impact according to the perceived management requirements or whether LWD could be left in place

perhaps, re-orientated, lopped or even re-introduced where sympathetic rehabilitation management

is desirable, without significant effect on high in-bank stages.

3) The Debris Management Program (DMP).

This computer model, presented oi the disk enclosed, is designed as a management tool for

predicting the geomorphic impact of LWD on channel processes and morphology throughout the
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',1 watershed. The model has been developed, tested and modified using empirical analysis of field data

gathered from 23 river reaches in Northem Mississippi which are undergoing channel adjustment

6 caused by base level change. This tool is recommended for geomorphic analysis and management of 0

LWD in channel environments similar to those from which the model has been developed.

*1 4) The Debris at Bridge Pier Prediction Program (DBP3).

This computer model, also included on the enclosed disk, determines the probability of debris build

up at bridge piers, the consequent maximum debris enhanced potential pier scour and the change in

hydrostatic and dynamic pressure forces on the pier. The model is developed from research

presented by Melville and Sutherland (1988), Melville and Dongol (1992) and Simons and Li (see

Callander, 1980). The model has been tested using field data collected from a number of bridges in

Northern Mississippi and demonstrates that the empirical and theoretical assumptions of the model

provide a good factor of safety for bridge pier design analysis where LW" build-up is a potential S

hazard

* H

* 0

• 0

* 0
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APPENDIX A

LWD MAMAGEMENT PROGRAM GIS DATA INPUT SYSTEM

1.1 Introduction

This GIS (Geographical Information System) user interface demonstrates how a GIS

(ARC/INFO) can be used in conjunction with external programming to assist in management

practices associated with erosion control.

The GIS is used to calculate variables of sediment type, land use, and sub-watershed are which

are the input variables for the DMP. The GIS has been constructed for the Abiaca Creek

watershed, located within the DEC study area in Northern Mississippi. The operation of the

program is set up to facilitate interactive selection of stream sectioi-.. within the watershed.

The soil type and landuse variables are calculated by combining polygon coverage's and

overlaying them onto the stream network. The watershed area is calculated through the use

of a digital elevation model, which is also used to derive the stream network. The system

macro language (AML) of the GIS is used to automate data input in the DMP. A pull down

menu is employed to create a user friendly windows style environment which guides the user

through the steps necessary to obtain management information.

1.2 Installation

The GIS is in UNIX ARC/INFO format, and is contained in a directory named "Project"

The program can be obtained upon request from nickL(geography.nottingham.ac.uk and

will be sent via FTP or on DAT tape. "Project" requires about 98 MB of hard drive space to

install.

The "Project" directory should be copied into the same directory as AR.C if ARC is not in the

command path

To run the GIE load ARC. At 'he ARC: prompt type &RUN Project to activate the AML

(ARC Macro Language) driven user interface.

1.3 Methodology

A fundamental requirement for this utility was too extract these variables automatically with

limited user interaction and run the DMP, all within the framework of the GIS

Figure 1.1 outlines the method of approach from variable extraction to the final output from
the DMP.
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The section of stream which the user is querying is interactively selected by using the screen

cursor operated by the mouse. This provides the co-ordinates for the analysis from other data

layers which are all geometrically aligned. ARC/INFO provides interactive selection facilities

which enable the user to select points on the display screen. The stream network coverage

contains attribute information detailing the soil types and landuse for each arc section of

stream. The original stream coverage data contained no attribute information relevant to the

study. A function command called IDENTITY enables arcs (lines) to be overlaid onto polygon

coverages and relate the attributes from the polygon coverage to the arcs coverage, where the

arcs overlay and intersect the polygons. By converting the grid layers, soil types and landuse to

polygon coverages this IDENTITY command is then used to attach the attribute information

from these two data layers to the stream network. ARC/1NFO facilitates conversions from

raster to vector, and the GRIDPOLY command is used to convert the two raster files, Using

the IDENTITY command the stream network can be overlain onto the soil polygon coverage, 0

then the resulting new stream network coverage with soil attributes is overlain onto the

landuse polygon coverage resulting in a stream coverage which has attached soil type and

* landuse attributes. The methodology of this process is summarised in figure 1.2.

An important requirement for the success of this project is that the stream network is

geometrically true to the elevation grid for the calculation of the watershed area upstream of

the query point. The interaction with the stream network is the sole method of producing a co-

ordinate reference point, which is used as the starting point or watershed pour point for the

area calculation from the DEM. However, the likelihood that every section of the original

vector scanned stream coverage being a precise match to the DEM is small, If it does not

match precisely the analysis method would failure because the watershed area calculated would

be incorrect. For this reason the stream network is produced from the DEM, and converted to

a vector coverage through the command GRIDLINE. The same procedure is used to produce

a stream coverage with soil and landuse attributes.
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Figure 1.1 Flow diagram of GIS operation
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1.3.1 The Digital Terrain Model

A common problem in using DEM matrices for detecting linear features such as stream
* 0

networks is that of depressions (sinks) in the digital surface caused by noise, The noise may

result from short range variations on the digital land surface or as a result of the quantitization

of the original data. Ridges and drainage courses may be missed because the grid is too coarse,

*i ARC/INFO can detect these sinks and fill them. A sink is defined as a cell whose elevation is 0

less than or equal to that of its eight neighbours when passing a kernel of 3x3 cells over the

elevation grid (Marks 1984). ARC/INFO uses Marks method to detect these sinks and by

setting a minimum elevation, which in this case was 83ft, these sinks can be filled up to that

minimum height. The command FILL was used with the options of SINKS and a z value set at

83. From here the depressionless DEM was used to create matrices necessary for further

analy. es. The command FLOWDIRECTION creates a flow direction matrix from the DEM,

*1 which is achieved by computing the local gradient and aspect for every cell. This flow matrix is

used to determine the boundary of catchment or selected sub-catchment. To find the stream

network from the DEM a flow accumulation grid needs to be produced. The method behind

• * this is an algorithm for which each cell, compares its altitude with its eight neighbours within a

3x3 kernel. The lowest neighbour is flagged, and the amount of water (which is expressed as a

function of the number of cells traversed and the area of the cell) is carried over to that cell.

The kernel is moved to the lowest neighbour, and the process is repeated. The ARC command

that is used to carry out this process is FLOWACCUMULATION. A stream network can then

be delineated using the output from this flowaccumulation grid. Flow accumulation in its

simplest form is the number of up slope cells that flow into each cell. By applying a threshold

6 value to the results of this FLOWACCUMULATION using a grid algebraic expression, a 0

stream network can be defined. An expression was used to create a grid where the value 1

represented a stream network on a background of no data, the expression was:

stream network = con (flowaccumulation > 100, 1)

This assigns the value I to all cells with more than 100 cells flowing into them, and all other

cells are assigned no data. A final process that was carried out, was to apply Strahler's method

of stream ordering, achieved through the use of the command ORDER. The reason for

creating this grid was to create a visual guide to the user, the network is colour coded, white

* representing a stream -irder of 1, while bright pink was a stream order of 6. 0
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Once the necessary data had been constructed in the database a set of Arc Macro Language

L) (AML) statements was used to extract the variables necessary for input into the DMSP. A

command named RESELECT enables the user to interactively select a point on the stream

network displayed on the screen. This function then selects all the attributes associated with

that one arc which has been selected. These attributes are stored in , named INFO file (TRY)

4 created by the RESELECT function. 'I he next step is to calculate the upstream watershed area

from that selected point. ARC/INFO command WATERSHED allows inter, -tive selection of a

pour point from the screen. By selecting at the same point as before (the RESELEC'I function

leaves a small box on the screen marking the previous selection point, the user then selects the

point again), the WATERSHED function creates a new file which represents the sub-

watershed only, The count attribute in the new sub-watershed file represents the number of

grid squares which make up the area of the sub-watershed. In the ARC module TABLES, new
4 items can be created for this file, then using the CALCULATE function within TABLES a data 0

value is assigned to represent the number of squares (one grid square = 0.000036 miles2).

Two files are therefore created in the analysis, one containing the values representing the soil

4 type and landuse at the selected point on a stream, and one file containing the upstream

watershed area from that point.

In TABLES using the function UNLOAD the relevant items from these files are selected and

4 put into a text file which list the landuse, watershed area and soil-type respectively. This text

file is the input file into the Debris Management Program.

At the arc prompt the function TASK activates a program outside the ARC/INFO

environment. This TASK command is used to execute the Debris Management Program which
4 imports the text file containing the input variables. The DMP creates an output text file which

details the soil type, landuse and stream width (calculated from the watershed area) and the

form of management which should take place at that section of the stream network in the

4 Abiaca Watershed.

1.3.2 The Menu Driven Interface.

The final part to the method for this project was to tie all the data layers and interactive

analyses functions together in a menu driven interface. The type of menu chosen was the

pulldown version which is perhaps the most familiar to Personal Computer users. An 0

ARC/INFO menu file is a text file, created in the operating systems text editor. The format of

the menu determines how the menu is to be displayed and which choices are to be included,

4 and what action is taken when a selection is made. Table 1.1 shows the format for this menu
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file with explanatory text written in red, The AML files are described is section 1,4. Figure 1,3

shows a schematic diagram of the outlining operation of the menu interface and how it links

with the GIS database, .

Table 1.1 Menu Interface Commands

Draw **miain menu choice, with sub menu choices below**
Landuse &R LAND ** runs the AML land (displays landuse)**
Soils &R SOILS runs the AMI, soils (displays soils)**
Streams &R STREAMS * runs the AML, streams (disp.lays streamns)**
Roads &R ROADS ** runs the AML roads (displays roads)"*

List Attribute **niain menu choice, with sub menu choices below**
Landuse LIST AB-LAND-GRID.VAT **lists attribute file**
Soils LIST AB-SOIL-GRID.VAT **lists attribute file"
Streams LIST FINAL-NET.AAT **Jists attributc tile**
Check Count LIST TEST.VAT **lists attribute tile**
Soil & Landuse LIST TRY * *lists attribute tile.*

Analysis **nuIL choice, with sub menu choices below**
I1P &POPUP ANL-HELP.TXT "displays help text fil**
Zoom &R ZOOM.AML **runs the AMI. zoom**
Calculate Variables &R del,AML **runs the AML. del**

Run Program **maji menu choice, with sub menu choices below**
jRun *R FILE.AML **runs the AMt, lile**

Clear **nuin menu choice which clears current display* * .

Quit &RETURN **quits the eienu display*=

Draw: provides a list of c(,verages to be drawn on the screen.

List Attributes: provides a list of coverages form which the attributes associated
with them can be chosen.

Analysis: activates the stream analysis section of the project, provides a
series of help menus to guide the user through the process. 0

Run Program. after the stream variables have been collected the DMSP can be
activ.ated.

Clear: clear the current display on the screen. 0

Quit: Quits the menu and returns to the arc prompt.
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The menus is set up in such a way that choosing a subject activates an AML program. This is

set-up so that the user need not be aware of the processing that is taking place when they make

a choice. The AML prot'rams are a list of on line commands which activate various 0

ARC/INFO functions. These AMLs could all be accomplished by typing in the numerous

commands line by line. Instead an ARC/INFO function &WATCH was used to record all line

entries made. This creates a watch file which contains all the commands entered at that time,

these watch files are then converted to AML through the command CWTA (convert watch file

to AML). By setting up watch files whilst doing the individual process by line entry, separate

small command files were created which would carry out a whole process just by activating the

particular AML program file in question. These AML files are then brought together through 0

the menu interface.

1.4 AML Commands

Listed below are some of the key ARC/INFO commands used in the project with brief 0

descriptions of their function.

IDENTITY: computes the geometric intersection of two coverages.
All features of the input coverage, as well as those features of the
identity coverage that overlap the input coverage, are preserved 0
in the output coverage.

RESELECT: selects a set of records from the specified object i.e. arc
attributes.

SINK: creates a grid identifying all sinks, or areas of internal
drainage.

FILL: fills sinks to the value of the lowest boundary cell in the
watershed. 0

FLOWACCUMULATION: creates a grid of accumulated flow to each cell, by
accumulating the weight for all cells that flow into each
downslope cell.

FLOWDIRECTION: creates a grid of flow direction from each cell to its
steepest downslope neighbour.

WATERSHED: creates a grid of the upslope area contributing flow to a
given location.

STREAMORDER: creates a grid of streams characterising the stream
netwc!,k based upon their number of tributaries.
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HILLSHADE: creates a shade relief grid from a grid by considering the
illumination angle and shadows.

GRIDPOLY: converts a grid to a polygon coverage. Polygons are
built from groups of contiguous cells having the same
cell value.

1.4.1 Arc Macro Language Programs
Programs 1 to 4 are display functions

1.** and**

clear
mape ab-land-grid **sets the map extent to the landuse grid file**
map land.map **displays a map file which has title and key**
map end **closes map file**
&return

2. **soil**
clear 0
mape ab-soil-grid
map soil.map
map end
&return

3. **streams**

mape ab-soil-grid
arcs final-net **displays arcs coverage *
&return

4.**roads**
mape ab-soil-grid
arcs ab-roads
&return

Programs 5 to 9 are data handling functions

5.**del.aml**
&if [exists TRY -INFO] &then **this is an if-then type statement program

* &do IF an INFO file called TRY exists delete it, 0
&sv delstat = [DELETE TRY -INFO] if not (ELSE) continue and run
analysis.aml**
&TYPE TRY FILE DELETED
&end

* &else
&r itnalysis.aml
&return
&ranalysis

*1 0
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6.**file.aml*8
Sq

tables **this opens up the module TABLES**
, additem test.vat area 14 16 n3 **creates new item AREA in the file

test.vat**
select try **selects INFO file try**
unload dumputxt land-code **creates text file fumptxt inputs
land-code**
select test.vat **selects INFO file test.vat**
calculate area= count *0.00036 **calculates area value**
unload dump.txt area **inputs area into dumptxt**
q stop **quits Tables"
&sv x = [task 3res 'file =0'] * *activates DMSP**
&popup output~txt * *displays the output file from the DMSP* *
&stop

7.**zoom.aml*l

&POPUP ZOOM-lIELPTXT **zooms in on analysis section of streams
mape ab-order the * indicates this is a user interaction"
mape*
clear
gridshades ab-order
&RETUI(N

* ,•

8.**project.anl**
&ternixiiwl 9999 **this is the starting AML which sets up the
rm dump.txt display environment in ARC/INFO deletes
rm output.txt previous text files and then activates thM menu

* &Fullscreen &Popup file first. menu**
display 9999 3 position II screenl I I
DISPLAY POSITION LR
grid
mape ab-land-grid

* &Menu first.menu &PULLDOWN & position &ul &screen &ul &size &frame 700 75
& STRIPE 'Stream Erosion Management System'

9.* *analysi[.aml**

&POPUP ANALYSIS.TXT
* CLEARSELECTI

SEARCHTOLERANCE 150
RESELECT FINAL-NET ARCS ONE*
INFOFILE FINAL-NET ARCS TRY SOIL-CODE TYPE LAND-CODE 'AND-TYPE
LIST TRY

0 &POPUP SI-IED.TXT
KILL TEST ALL
TEST = WATERSHED (ab-net-flow, SELECTPOINT (ab-elevation,*)
LIST TEST.VAT
&POPUP CHECK.TXT

* clearselect
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clear
MAPE ab-order
SEARCHTOLERANCE AUTOMATIC ()
&RETURN

1.5 Data Source

The original DEC Project data resides on an Intergraph 6080 workstation, and access to the

database is made with Intergraph GIS software. The purpose of the engineering database/GIS 0

is to serve as a repository for all design, analysis, and monitoring data collected on the DEC

Project. It is still in a development stage but when completed it is anticipated that the database

will contain design data for all project features such as low and high-drop structures, bank

5tabilisation structures, floodwater retarding structures, channel improvements, levees, riser

pipes, and box culverts. This diesign data will be complemented with date coverages suitable

for various hydrological analyses such as DEMS's and soil type data.

The database contains 1:24000 digitally scanned USGS quadrangle maps and DEM's for all

the DEC Project watersheds All major tributaries and highways, which have been obtained

from 1:100000 USGS Digital Line Graph (DLG) files are incorporated into the database in

vector format, these maps were again digitally scanned rather than digitised. Spot-view satullite S *
photography has been incorporated into the database and is used as a visual reference for all

DEC Project features. Landuse and soil type data for the DEC watersheds are incorporated in

the database on a I-acre grid. Elevaticn data is present on a 100ft grid.

The data that were made available for this project were the elevation, landuse and soil type

grids, which were in Geographical Resource Analysis Support System (GRASS) format. The

vector files were visual files only and had no specific attributes attached to them. The

watershed chosen for this study was the Abiaca Creek Watershed which is one of the fifteen 0

watersheds withii, the DEC Project. It was chosen because a large number of field

investigation siwes were located in this watershed, enabling the model to be tested against

grou.id data.

To import the GRASS files into ARC/INFO the image (GRASS) file is converted to GRID

format by initialising the command IMAGEGRID, which is one of ARC!INFO's raster

conversion programs, The IGDS files were translated into ARC/INFO coverages with the

IGDSARC command. Before the IGDSARC command was implemented the command

IGDSINFO was used which provided a summary of what the IGDS file contains. IGDS files

can be multi-layered .;overages and it is therefore necessary to identify the specific layers
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containtd in the file for conversion. IGDSINFO provided a breakdown of the total number of

elements, the names of the elements and how many of each, plus a breakdown of level, style,

colour, and weight and the number of occurrences for eac. The road and the stream networks

were all present in one IGDS file, which also contained data on hydrological structures. All

the layers and options that were entered during one IGDSARC conversion were converted to

the same ARC/INFO coverage. The roads were in separate layers with respect to •zr class

i.e. major or minor. All the layers which represented these roads were entered during olie

IGDSARC conversion and thus made up one ARC/INFO coverage representing the roads in

the Abiaca watershed. The same process was carried out to create the stream network, shown

in plate 1. Plates 2, 3 and 4 display the soil type, landuse, and DEM respectively.

Plate 1: Stream Network

* •

9

* 9



Plate 2 Soil (Chantnel Sediment) Coverage

Plate 3 Landiise Coverage
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Plate 4 Digital terrain model

The roads which are In vector formnat are literally only a visual i I, lot' indicating where on a
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Iijlure of the bridges due to excessive streami bed scowr By carryfrre, ýut thre stream anialvsis

Upstream of. 'the Intersection point I e. a bridg.e, these bridige sites canl hie analysed

The streamn network, has heen created troni the DIN.~ It inatched with thec original digitally

scanned vector network in genrical shape. the mnain channels being very 11uch0 alike Far inore
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0 the watershed. To compile the attributable information in the stream network, this grid was

,3 converted into a polygon coverage of five polygons.
(

The landuse map shows three types of landuse in the watershed. The small nose like extension
4A from the main body of the watershed in the western region is almost entirely agricultural land;

this is where the watershed reaches the end of the bluff and stretches out into the floodplain.

(C The main b, dy of the watershed is generally forest interspersed by agricultural land and small

lakes. The original raster image contained twelve landuse types, forest, lakeG and ten differing

types of agricultural land. When this original image was converted to a polygon coverage,

ARC/INFO was unable to complete the conversion because the polygons created exceeded

10,000 which is ARC/INFO's limit. The raster image was therefoie reclassified, all

agricultural types were classified as one type. The significant variable value in the DMP is

whether the landuse is forested or not, different types of agricultural land are not distinguished

and therefore one value was sufficient. The grid to polygon conversion then created a more

manageable ntmber of 1251 polygons.

The DEM is colour shaded based on elevation which enhances the readability of the map. It is

0 very clearly shown where the flood plain gives way to the bluff, where the pale greens change

to pale pinks. A marked feature of this map is the apparent visibility of the main drainage

channels, beginning from the bluff line where the Abiaca Creek protrudes out into the flood

plain.

1.5 Program Operation

Plate 5 shows the menu interface displaying the landuse map with the streams (in blue) and

roads (in yellow) overlaid. This is achieved under the DRAW option on the menu title bar. This

provides the user with the ability to carry out some visual interpretation such as identifying

bridging points before they choose to analyse a specific area. When the ANALYSIS choice is

selected on the menu title bar a ext box appears encouraging dhe -user to zoom in on .t.e area

C2 for analysis, because it is difficult to select an arc at such a small visual scale. When zooming in

on an area, the user interactively drags out a small box around the chosen section, once the box

is defined the screen clears and then redisplays the selected area as shown in Plate 6. After

zooming in on the chosen section the user then selects the 'analyse streams' choice in the sub

menu of the ANALYSIS option. The text box shown in Plate 6 explains to the user how to

activate the analysis by placing the cross hairs onto the strearm section of their choice. Once a

choice is made a small box indicates the position and a text box is displayed which explains to

the user to re-select the box and then press "9" to activate the watershed calculation. Further
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text boxes are displayed after this if the selection process has been unsuccessful, i.e. the

positioning of the selkction point failed to select an arc, or the watershed area was far too low

which would indicate that the selection point was not in the grid square of the stream channel

on the DEM. Once this process has been completed the user activates the DMP by selecting

RUN PROGRAM on the menu title bar. This activates processing in TABLES before

activating the DMLP through the TASK function. Once the DSP has processed the variables a

results text box is automatically displayed on the screen (Plate 7).

Plate 5 Menu interface and coverages
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* t Plate 6 Selecting Analysis
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APPENDIX B

Large Woody Debris Formation Survey used by Smith and Shields (1992)

Stream Name

Reach Information __Flow

---__ _ _ _ _ B j: - __ - - _4 -2 -*l...•_.

Date Time Dimensions

4 40
Width-Perpendicular to Flow Direction Width-Pervendicular to Flow Direction

W<B114 jf/4<W<B/2 B/2<W-,B W<B/4 B/4<W<B/2 B/2<W<B

L<B/2

B/2<L<B

'0 L>B

Length-
Parallel
to Flow
Direction

TYPE A: COLLAPSED BRIDGE TYPE B: RAMP

L<B/2

B/2<L<B I

L>B

Length- 0
Parallel
to Flow
Direction

TYPE C DRIFT TYPE D: STREAMBANK TREES
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APPENDIX C

Method for predicting afflux due to LWD, developed by Gippel et. al. (1992) •

The recommended procedure for predicting the hydraulic effect of managing large woody debris

from a lowland river is as follows:

1) Measure the LWD: 0

"* projected length of LWD (L.)

"* mean diameter of LWD in flow (d)

9 angle of orientation of the LWD in the flow (cc) 0

2) Measure the chamnel morphology:

* cross-sectional area of flow at selected discharge (A)

3) Measure or estimate flow characteristics at selected discharge:

* depth of flow downstream of LWD (h3) 9

* 'ocity downstream of LWD (U.)

4) Select a drag coefficient:

* based on angle of orientation and snag form (C'I)) using Figure Al or A2 0

5) Calculate the following:

e Froude number downstream of' LWD

F gIh

* blockage ratio of LWD

B=L.d/A

o drag coefficient corrected for blockage 0

CD = C'14I-B)--

6) Calculate afilux due to 1,WD:

h _I)+ :(I _I)2 +3(,BF'

3

7) Calculate the upstream extent of the afflux using a backwater procedure

8) Repeat the calculations for various management strategies such as lopping and rotation. 0

0

,20
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Figure 1 : Variation in drag coefficient with angle of rotation to the flow, measured for a

model LWD complete with trunk, branches and butt, and for other combinations of these

components 0
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Figure 2 Variation in drag coefficient with angle of rotation for cylinders of various lengths

and diameters. lloerner's (1958) relationship is for infinitely boub -yinders.
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APPENDIX D: FIELD DATA AND ANALYSIS CALCULATIONS

May 1995 Data
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